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Howard Hughes Medical Institute Programs 



A he Howard Hughes Medical 
Institute was founded in 1953 by avi- 
ator-industrialist Howard R. Hughes. 
Its charter, in part, reads: The pri- 
mary purpose and objective of the 
Howard Hughes Medical Institute 
shall be the promotion of human 
knowledge within the field of the 
basic sciences (principally the field of 
medical research and medical educa- 
tion) and the effective application 
thereof for the benefit of mankind. 



Biomedical Research 
Program 

The Howard Hughes Medical Insti- 
tute is a nonprofit medical research 
organization dedicated to basic bio- 
medical research and education. Its 
principal objectives are the advance- 
ment of fundamental knowledge in 
biomedical science and the applica- 
tion of new scientific knowledge to 
the alleviation of disease and the 
promotion of health. Through its 
program of direct conduct of med- 
ical research in conjunction with 
hospitals, the Institute employs over 
220 independent investigators who 
conduct research at Institute labora- 
tories in more than 50 leading aca- 
demic medical centers, hospitals, 
and universities throughout the 
United States. The number of inves- 
tigators is expected to grow to 
about 270 within two years. 

The Institute conducts research 
in five broad areas: cell biology and 
regulation genetics, immunology, 
neuroscience, and structural biology. 

In support of these research 
efforts, the Institute is involved in 



the training of pre- and postdoctoral 
scientists in the laboratories of 
Hughes investigators: has provided 
substantial support to the genome 
mapping program which involves 
international collection, dissemina- 
tion, and coordination of data; pro- 
vides research training to medical 
students through the Research 
Scholars Program (conducted joint- 
ly with the National Institutes of 
Health); and organizes scientific 
conferences, workshops, and pro- 
gram reviews. 



Grants and Special 
Programs 

In the fail of 1987, as a complement 
to its research program, the Insti- 
tute launched a graiur program to 
help strengthen education in the 
biological and related sciences. The 
program is administered through 
the Office (if Grants and Special 
Programs and has as its primary 
objectives the enhancement of sci- 
ence education at the graduate, 
undergraduate, and preco liege lev- 
els; the education of the public 
about science; and the promotion of 
fundamental biomedical research 
abroad. In addition, this office is 
establishing a comprehensive 
assessment program. The grants 
extend across a wide range of insti- 
tutions involved in formal and infor- 
mal science education, including 
colleges, universities, research cen- 
ters, medical schools, elementary 
and secondary schools, and science 
museums. 



Since launching the grants pro- 
gram, the Institute has developed 
an array of initiatives designed to 
help ensure the future quality and 
vitality of the scientific enterprise. 
Today, the Institute supports gradu- 
ate students, medical students, and 
physicians through a grants pro- 



gram for graduate education in the 
biological sciences; undergraduate 
institutions through an undergradu- 
ate science education program; and 
science museums through a precol- 
lege and public science education 
program. 
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1 he grants program of the 
Howard Hughes Medical Institute 
focuses on science education at all 
levels and, in so doing, complements 
the Institute's core programs in the 
direct conduct of biomedical 
research. The Institute s biomedical 
research activities currently involve 
over 225 investigators at more than 
50 leading academic centers, hospi- 
tals, and research institutions 
throughout the United States. The 
number of investigators is expected 
to grow to about 270 at more than 60 
sites within the next year. This 
research encompasses the fields of 
cell biology, genetics, immunology, 
neuroscience, and structural biology. 

Since its launching seven years 
ago, the grants initiative has grown 
to include support for graduate, 
undergraduate, and precollege lu- 
cation; for programs to educate the 
public about science; and for bio- 
medical research in selected coun- 
tries abroad. This array of activities 
is designed to help ensure the 
future quality and vitality of the 
nations scientific enterprise. 



Changing the Way Science Is 
Conducted 

The world of science is changing 
fundamentally. The rise of science 
as a profession in 19th century aca- 
demia was accompanied by the 
development of departments, each 
based on a single scientific disci- 
pline. Today that older structure is 
giving way to new arrangements 
related to the revolutionary changes 
in science itself. 



The dynamics and complexity of 
modern scientific research can be 
illustrated by the discovery and 
understanding of oncogenes and 
the role of specific genes in the 
development of cancer. This area of 
research was stimulated by the dis- 
covery of Drs. Michael Bishop and 
Harold Varmus, at the University of 
California-San Francisco, that 
genes in tumor viruses response 
for cancers in animals can be found 
in normal cells. These insights have 
had important and far-ranging impli- 
cations. The realization that onco- 
genes appear to have been con- 
served for billions of years has 
affected our understanding of evolu- 
tionary biology. And the similarity 
between the protein products of 
oncogenes and growth-factor recep- 
tors has helped link oncogenes to 
developmental biology. Indeed, the 
oncogenes present a new represen- 
tation of cancer, and this modified 
view may eventually alter how clini- 
cians treat cancer patients. 



Expanding International 
Research Opportunities 

In recognition of the international 
nature and scope of modern biomed- 
ical research, and the presence of 
outstanding scientists outside the 
United States who contribute to the 
advancement of knowledge relevant 
to the Institute's biomedical research 
program, the Institute in 1990 creat- 
ed the International Program. 

In the first two rounds of compe- 
tition, a total of $24.3 million was 
awarded in 49 five-year grants for 



scientists in Australia, Canada, 
Mexico, New Zealand, and the Unit- 
ed Kingdom. For the third round of 
international competition, biomed- 
ical scientists in 10 countries of the 
former Soviet Union and Eastern 
Kurope, including Belarus, Czech 
Republic, Estonia, Hungary, Latvia, 
Lithuania, Poland, Russia, Slovak 
Republic, and Ukraine, were invited 
to apply for grants. It is anticipated 
that these awards for research at 
the scientist's own institution or to 
support international research col- 
laborations will total about ?>3 mil- 
lion each year for five years. 

We are extremely pleased with 
the development of this program 
and with the opportunities it affords 
for Institute investigators and inter- 
national scholars Lo meet at the 
Institute, International exchanges of 
ideas and data are already in 
progress. 



Providing Needed Research 
Resources 

The Institute's support of valuable 
research resources underscores 
our commitment to ensure the con- 
tinuation of important biomedical 
advances. A $1.2 million grant to 
the Jackson. Laboratory in Maine 
will help expand their capacity lo 
provide unique genetically altered 
(transgenic) mice at low cost for 
biomedical research worldwide. 
Through genetic engineering, new 
strains of mice arc being created to 
mimic such human disorders as 
arthritis, cancer, and cystic fibrosis. 



The Institute is a major producer 
and user of genetically engineered 
mice. Of the 35 new strains 
acquired by the Jackson laboratory 
in 1993, 15 were developed in our 
laboratories. More than 50 Institute 
investigators use transgenic mice in 
their research, 

Educating the Next 
Generation of Scientists 

The Institute supports graduate stu- 
dents and physicians in obtaining 
research training in basic biological 
processes and disease mechanisms 
at leading research laboratories. 
Fellows from the first years of the 
fellowship programs are now 
emerging as independent young sci- 
entists. The physician postdoctoral 
fellowship program made its first 
awards in the fall of 1990, and sever- 
al of these enthusiastic young scien- 
tists are being recruited into faculty 
positions at research-oriented med- 
ical schools. Christopher Walsh 
used his postdoctoral research fel- 
lowship to study how cells are dis- 
persed in proliferative layers of 
developing cerebral cortex. Dr. 
Walsh is now Assistant Professor of 
Neurology at Harvard Medical 
School. Sharon PI on used her 
award to investigate the regulation 
of the beta-like globin gene cluster, 
an important blood constituent. Dr. 
Plon has a faculty position in the 
Pediatric Oncology Department at 
Baylor College of Medicine. 

Students who received predoc- 
(oral fellowships in the biological 
sciences are now successfully com- 
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peting for postdoctoral fellowships 
to train in some of the leading 
research laboratories in the coun- 
try. Hao Wu, for example, received 
her Ph.D. degree from Purdue Uni- 
versity after completing her disser- 
tation on the structure of canine 
parvovirus. Dr. Wu was one of 26 
scientists recently awarded an 
Aaron Diamond Foundation Post- 
doctoral Research Fellowship and 
will conduct research on AIDS at 
Columbia University with Dr. 
Wayne Hendrickson, an HHMI 
investigator. 

Brendan Cormack completed his 
Ph.D. studies on a yeast DNA-bind- 
ing protein involved in regulating 
the transcription of genetic informa- 
tion. He is now a Helen Hay Whit- 
ney Foundation postdoctoral fellow 
with Dr. Stanley Falkow at Stanford 
University. Ilaria Rebay received 
her Ph.D. from Yale University 
upon completion of her dissertation 
on a protein essential to early devel- 
opment in Drosophila. Dr. Rebay 
was awarded a Life Sciences 
Research Foundation Fellowship 
for postdoctoral studies with Dr. 
Gerald Rubin, an Institute investiga- 
tor at the University of California- 
Berkeley. 



Altering the Academic 
Structure of Science 

Changes in the academic organiza- 
tion of science are beginning to 
reflect the nature of laboratory 
research. Science departments such 
as microbiology or physiology are 
being reorganized at a number of 



academic institutions into broad 
new departments emphasizing, for 
example, cellular and molecular 
biology. Because of the rapidity of 
scientific advances on the one hand 
and financial constraints on the 
other, science departments at col- 
leges and universities are finding 
that they must boldly change what 
they teach and how they teach it. 
The growing interdisciplinary 
nature of science in general, and 
the expanding overlap of biology 
and chemistry in particular, mean 
that science departments must col- 
laborate in developing curricula and 
integrating courses- -activities that 
tear down the traditional walls 
between scientific disciplines. 

As part of its grants activities, the 
Institute sponsors an annual meet- 
ing of undergraduate program 
directors from grantee colleges and 
universities. A major theme of the 
1993 meeting was institutional 
strategies for enhancing undergrad- 
uate science education. In particu- 
lar, participants offered a variety of 
approaches to integrating biology 
and chemistry through Institute- 
funded programs. Stronger ties can 
be forged between the biology and 
chemistry departments through 
joint faculty appointments and 
research seminars, interdepartmen- 
tal student exchanges, and team 
teaching of science courses. In 
other cases, majors in cellular and 
molecular biology can be developed 
and courses revised to integrate 
biology-based problems into chem- 
istry courses, and vice versa. 

Important questions arise as sci- 
ence departments develop strale- 



gies for long-term change in the 
way science is taught. For example, 
how can science faculty who are 
committed to laboratory research 
be persuaded to get involved in the 
reform of science education? What 
will induce them to teach under- 
graduates, welcome them into their 
laboratories, or give extra help to 
students who need it? Can science 
faculty be drawn into outreach pro- 
grams that strengthen science edu- 
cation at elementary and secondary 
schools? 

Institute support in many cases 
has helped increase faculty involve- 
ment at all levels of science educa- 
tion. Faculties at many institutions 
are already committed to the Insti- 
tute-funded programs that are 
focused on attracting and retaining 
women and minority students 
underrepresented in the sciences. 



Transferring Science to the 
Classroom 

Through the Undergraduate Biolog- 
ical Sciences Education Program, 
precollege activities are being 
developed and summer courses 
offered to upgrade the training of 
science teachers in subjects such as 
molecular genetics, which was not 
available until recently as an acade- 
mic discipline. Teachers can be 
offered laboratory research experi- 
ences and opportunities for sabbati- 
cals in order to take courses in vari- 
ous scientific fields. Scientists from 
colleges and universities can help 
develop science instruction kits 
and, during the summer, train 



teachers from middle schools, high 
schools, and two- and four-year col- 
leges to train other teachers to use 
the new materials. 

As noted by undergraduate pro- 
gram directors experienced in out- 
reach programs, teachers in the 
kindergarten-12th grade school 
system are an integral part of the 
science reform effort. They can 
spark a burning interest in science 
among young students or coldly 
douse their natural desire to 
explore. Outreach efforts to kinder- 
garten-12th grade can be complex 
undertakings, and colleges and uni- 
versities seeking to develop link- 
ages to precollege science teachers 
must become involved in planning 
the outreach activities. 



Capturing the Wonder Years 

For many children the vast halls of 
a science museum become a cher- 
ished memory in their adult years. 
Distinguished scientists have credit- 
ed visits to museums as a central 
influence in their decision to pursue 
a science career. Dr. Frank Press, a 
geophysicist and former president 
of the National Academy of Sci- 
ences, said he would never have 
become a scientist had it not been 
for the Brooklyn Museum. Dr. 
Robert LefkowiU, Professor of Med- 
icine and Institute Investigator at 
Duke University Medical Center, 
wrote, "When I was a child growing 
up in New York, I spent many 
happy weekend afternoons wander- 
ing around the American Museum 
of Natural History. Those experi- 
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ences very much helped to shape 
my decision to become a scientist." 

The Institute in 1992 and 1993 
awarded a total of $10.65 million to 
51 natural history museums, sci- 
ence museums, children's muse- 
ums, aquaria, botanical gardens, 
and zoos to support innovative edu- 
cation programs to interest young- 
sters in science. 

A key question for science muse- 
um professionals is how can muse- 
ums structure programs and 
exhibits to capitalize on children's 
natural curiosity and capture their 
interest? Geologist Robert Hazen of 
the Carnegie Institution of Wash- 
ington and co-author of the book 
Science Matters was the keynote 
speaker at an Institute-sponsored 
meeting for program directors of 
science museums that have 
received grants from the Institute. 
Dr. Hazen noted that the biggest 
challenge for science education 
today is to stir the interest of the 99 
percent of students who will not 
choose a career in science. 

The program directors stressed 
that science education programs, to 
be successful, must show how sci- 
ence relates to everyday life. For 



children or adults, this can mean 
studying local wildlife or using 
household materials to demonstrate 
scientific phenomena. The lively 
exchange of ideas and information 
at the meeting should lead to effec- 
tive strategies for nurturing chil- 
dren's interests. If so, both the chil- 
dren and the museums will flourish 
as we enter the 21st century. 

The grants programs supported 
by the Institute extend across a 
wide range of institutions involved 
in formal and informal science edu- 
cation, including colleges, universi- 
ties, research centers, medical 
schools, elementary and secondary 
schools, and science museums. Just 
as the world of science is "apidly 
changing, so is our understanding 
of how students learn and the role 
of teachers in the process. The 
Institute is pleased to be supporting 
programs in science education that 
will help develop the next genera- 
tion of biomedical investigators and 
a public with a broadened under- 
standing of science and technology. 

Purnell W. Choppin 
President 

Howard Hughes Medical Institute 



Preface 



xvn 



t 



Introduction 



V^olleges and universities that 
embark on reforming science edu- 
cation face three principal chal- 
lenges, said Samuel Ward, Profes- 
sor and Head of Molecular and Cel- 
lular Biology at the University of 
Arizona. First, the goals of teaching 
must be changed. Second, educa- 
tors must learn how to go about 
altering the ways science is taught. 
And third, colleges and universities 
must increase the institutional 
rewards and status assigned to 
teaching, which is too often under- 
valued relative to research, Dr, 
Ward's comments sounded the 
theme of his keynote address at the 
October 1993 meeting of program 
directors for the Institute's under- 
graduate science education grants 
(see 1993 Undergraduate Program 
Directors Meeting: Institutional 
Strategies for Enhancing Undergrad- 



uate Science Education). Similar 
challenges fa-^e other educational 
institutions that serve the spectrum 
of students from kindergarten 
through graduate school. 

The grants programs of the 
Howard Hughes Medical Institute 
pursue two related goals. One is to 
help train the next generation of 
biomedical scientists to sustain the 
momentum of todays extraordinary 
biomedical discoveries. The other is 
to develop a scientifically informed 
American public that will participate 
in societal decisions about science 
education, scientific research and 
development, and applications of 
new technologies. The Institute also 
seeks to ensure greater participa- 
tion in science by those who have 
not traditionally been well repre- 
sented, particularly women and 
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members of underrepresented 
minorities. 

To complement its research pro- 
gram, the Institute launched a 
major grants program in 1987 to 
help strengthen science education 
and encourage talented young peo- 
ple to pursue research and teaching 
careers. This endeavor, adminis- 
tered through the Office of Grants 
and Special Programs, has its pri- 
mary objectives the enhancement of 
science education at all levels, the 
education of the public about sci- 
ence, and the promotion of funda- 
mental biomedical research abroad, 
llie program extends across a wide 
range of institutions involved in bio- 
logical science education both for- 
mal and informal. The Institute sup- 
ports predoctoral students, medical 
students, and physicians through 
fellowships for graduate education: 
colleges and universities through 
an extensive undergraduate pro- 
gram: and science museums, aquar- 
ia, botanical gardens, jxios, and bio- 
medical research kstitutims 
through precollege educational 
activities (see The Annual Report of 
the Howard Hughes Medical Insti- 
tute, 1992). 

The international program was 
created in 1990 as part of the Insti- 
tutes grants activities. It reflects the 
international nature and scope of 
todays biomedical research and the 
presence of outstanding scientists 
outside the United States who are 
advancing knowledge relevant to 
the Institute's biomedical research 
program. 

HHMFs grants program is the 
nation's largest privately funded ini- 



tiative to enhance the performance 
of U.S. students in science, award- 
ing about $50 million annually. To 
disseminate information on grant- 
supported activities and to encour- 
age grantees and others to discuss 
their experiences, the Institute 
hosts five annual conferences. 
These bring together medical stu- 
dent fellows, predoctoral and physi- 
cian postdoctoral fellows, under- 
graduate and precollege program 
directors, and students in the Wash- 
ington, D.C., metropolitan area who 
receive support through the Insti- 
tute's local grants activities. 

The present report highlights 
grant-supported activities for 1993 
and policies and special initiatives 
for the 1994 competitions. The 
grants office budget for 1994 
awards is approximately $52.5 mil- 
lion. This comprises $18 million for 
graduate education in the biological 
sciences, $28.5 million for under- 
graduate biological sciences educa- 
tion, and $6 million for the precol- 
lege initiative for biomedical 
research institutions, the local pre- 
college science education activities, 
the international program, and pro- 
gram assessment. 



Program Highlights for 1994 

■ Fellowships will be awarded to 
about 80 promising young scien- 
tists to support five years of pre- 
doctoral graduate training. 

■ Fellowships will be awarded to 
25-30 physicians who will con- 
duct research for three years 
under the guidance of mentors at 
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universities, research institutes, 
and hospitals. 

■ Fellowships will be awarded to 
about 60 medical students for 
one year's training in research at 
a U.S. academic or nonprofit 
institution of their choice, and to 
20 additional medical students 
for completion of their medical 
studies after finishing the 
research year. 

■ Grants for undergraduate sci- 
ence education, totaling about 
$72 million for four years, will be 
awarded after review of invited 
proposals from 140 research and 
doctorate-granting universities, 
public and private. These grants 
will support student research 
(including opportunities for 
women and underrepresented 
minorities), equipment acquisi- 
tions and laboratory renovations, 
and precollege and outreach pro- 
grams. 

■ Grants for five years totaling up 
to $5 million will be awarded co 
medical schools, academic 
health centers, and independent 
research institutions to provide 
hands-on science education for 
students and teachers at the pre- 
college level. 

■ About 100 research grants total- 
ing $3 million annually for five 
years will be awarded to scien- 
tists in 10 countries of the former 
Soviet Union and Eastern Europe 
for research at their own institu- 
tions or for collaboration with sci- 
entists in Western countries. 



Educating the Next 
Generation of Biomedical 
Scientists 

Undergraduate Science Education 

Since 1988 the Institute's Under- 
graduate Biological Sc'cnces Educa- 
tion Program has awarded $204 mil- 
lion to strengthen life sciences edu- 
cation at 197 public and private col- 
leges and universities. These 
include 15 historically black institu- 
tions, 10 other colleges and univer- 
sities enrolling substantial numbers 
of undergraduate minority students. 
7 women's colleges, and 3 universi- 
ties in Puerto Rico. The process of 
selecting the colleges and universi- 
ties to compete in each round of the 
undergraduate program has been 
based on extensive records of 
recent scientific productivity 
obtained from national databases. 

The program has supported 
research opportunities for more 
than 11,500 undergraduates. Of 
these, 56 percent are women and 27 
percent are students from underrep- 
resented minority groups. The Insti- 
tute has also supported the develop- 
ment of approximately 2,500 cours- 
es covering 30 fields of biology and 
other disciplines and has generous- 
ly funded laboratory enhancement. 

Since 1988, Institute funds have 
enabled 55 colleges and universities 
to appoint 169 faculty members in a 
range of scientific disciplines. This 
is providing departments with 
opportunities to develop new cours- 
es in important areas of modern sci- 
ence and to update and expand 
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Changing the 
attitude of 
instructors from 
a "weed-out" 
mentality to one 
of encouraging 
students was 
considered by 
many partici- 
pants to be as 
important as 
new curricula 
and teaching 
methods. 

1993 Undergraduate 
Program Directors 
Meeting 



existing curricula. The appoint- 
ments include 82 women and 21 
m .mbers of minority groups. The 
.stitutes program is helping to fos- 
ter reform of undergraduate science 
education at colleges and universi- 
ties across the country. 

Changing the Goals of Teaching 

Several themes emerged at the 
1993 meeting of the directors of 
undergraduate science education 
programs. Changing the attitude of 
instructors from a "weed-out" men- 
tality to one of encouraging stu- 
dents was considered by many par- 
ticipants to be as important as new 
curricula and teaching methods. At 
Washington University, Institute 
funds support efforts in the biology 
department to augment student 
support services with mentoring 
and problem-solving tutorials. 

Several Institute-funded pro- 
grams aim directly at nurturing sci- 
ence students, especially underrep- 
resented minority students and 
women. Fisk University, with a pre- 
dominantly African American popu- 
lation, has developed a science 
learning center organized to help 
students with mathematics, science, 
and study skills and to instill 
academic self-confidence. At the 
meeting, Fisk participants noted 
that learning styles seem to vary 
according to culture and gender 
and should be taken into account in 
the classroom and laboratory. 

At the University of California- 
Berkeley, Dr. Corey Goodman, Pro- 
fessor of Genetics and Neurobiolo- 
gy and an Institute investigator, 



observed that the grant-supported 
program offers opportunities for 
tutorials, career discussions, 
time-management workshops, and 
other activities, fostering a nurtur- 
ing academic environment. In addi- 
tion, the program provides student 
tutors who work with study groups 
in mathematics, biology, chemistry, 
and physics. 

Does such nurturing lead to a 
drop in academic standards? Not 
necessarily, said Dr. Joseph Acker- 
man, Professor and Chairman of 
Washington University's Depart- 
ment of Chemistry. Most students, 
he believes, can make the leap from 
high school to college-level academ- 
ic performance if they have some 
help getting started. At many insti- 
tutions, however, more instructors 
are needed to provide the additional 
attention. Eventually, he said, stu- 
dents must make the transition to 
independent college-level science if 
they are to proceed into majors, 
graduate study, and careers in 
research. 

Changing How Science Is Taught 

In her recent book Revitalizing 
Undergraduate Science, Sheila 
Tobias advocated structural change 
at the departmental level of colleges 
and universities as a crucial step in 
reforming science education. Her 
concepts broadly molded the agen- 
da for the 1993 program directors 
meeting. Discussions of curriculum 
reform brought out two issues that 
departments must resolve. The first 
was how to determine the content 
of interdisciplinary courses. What is 
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included and what is left out? 
Organic chemistry courses, for 
example, might include stereo- 
chemistry demonstrations in biolog- 
ical laboratory experiments. 

The second issue, referred to as 
the "freshman-year problem," con- 
cerns the uneven preparation of 
incoming students for college-level 
mathematics and science, particu- 
larly chemistry. In the Notre Dame 
panel discussion, participants 
described a variety of scheduling 
approaches to allow students to 
catch up on requisite chemistry 
skills before entering biology cours- 
es. The Institute-funded program at 
California State University-Los 
Angeles is addressing this problem 
with courses to improve student 
proficiency in mathematics and 
other critical fields before and dur- 
ing the freshman year. 

At the meeting the program 
directors paid a great deal of atten- 
tion to the role of computer technol- 
ogy in science education. This and 
other technologies hold great 
promise for strengthening science 
teaching for majors and future sci- 
entists as well as students who pur- 
sue studies in other areas. 

Graduate Science Education 

The graduate education initiative of 
the Institute grants program is 
intended to promote excellence ir 
scientific training, to complement 
other sources of available support, 
and to aid in meeting national 
needs. Since 1988 the Institute has 
provided $42 million in fellowship 
support to more than 800 students 



and physician-scientists who have 
shown strong promise of becoming 
tomorrow's leading biomedical 
researchers. Additional support for 
graduate education has been pro- 
vided through research resources 
grants to scientific and educational 
organizations, such as the Cold 
Spring Harbor Laboratory. 

Altogether 400 predoctoral fel- 
lowships in the biological sciences 
have been supported to date. 
Women have received 40 percent of 
these awards, and underrepresent- 
ed minorities 11 percent. Of the 280 
research training fellowships for 
medical students, women have 
received 36 percent and underrep- 
resented minorities 7 percent. Of 
the 85 postdoctoral research fellow- 
ships for physicians, women have 
received 19 percent and underrep- 
resentod minorities 3 percent. As 
the Institute's outreach and educa- 
tion initiatives mature, the participa- 
tion of even greater proportions of 
women and underrepresented 
minorities is expected for the gradu- 
ate fellowship programs. 

An extensive tracking system for 
participants in the Medical Student 
Research Training Fellows program 
and those in the Howard Hughes 
Medical Institute-National Insti- 
tutes of Health Research Scholars 
program is already well developed 
through a five-year grant to the 
Association of American Medical 
Colleges (see Grouts for Science 
Education, 1991-1992). A parallel 
effort to track the progress of the 
Instituted predoctoral and postdoc- 
toral fellows will be initiated during 
1993-1994. 



We need to re- 
create the 
teacher-scientist 
partnership 
along the lines 
that existed in 
the post-Sputnik 
years in the form 
of summer insti- 
tutes, but now in 
the schools them- 
selves. 

Dr. Timothy 
Goldsmith 
Vale Cnirersity 



Through out- 
reach programs, 
colleges and uni- 
versities can he 
instrumental in 
enhancing sci- 
ence teaching at 
the precollege 
level. 

1993 Undergraduate 
Program Directors 
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Enhancing Science Literacy 

Increasing the Value of Science 
Teaching 

Timothy Goldsmith of Yale Univer- 
sity, keynote 1 speaker at the 1992 
meeting of undergraduate program 
directors, noted that "a central pur- 
pose of biological education should 
be to convey science as a powerful 
way of understanding the world" 
(see Enriching the Undergraduate 
Laboratory Experience, 1992). Dr. 
Goldsmith called on scientists to 
become more involved with science 
education at the kindergarten-12th 
grade level. "We need to re-create 
the teacher-scientist partnership 
along the lines that existed in the 
post-Sputnik years in the form of 
summer institutes, but now in the 
schools themselves," he wrote 
recently in the American Journal of 
Human Genetics. 

Many institutions supported 
through the Institute's Undergradu- 
ate Biological Sciences Education 
Program use substantial amounts of 
their grants to assist in the develop- 
ment of science programs for stu- 
' dents and teachers at elementary, 
middle, and high schools. Fifty-nine 
percent of the approximately 25,000 
students who have benefited from 
these outreach efforts are from 
underrepresented minority groups 
and 54 percent are female. Of the 
8,200 teachers who have benefited, 
19 percent are from underrepre- 
sented minority groups and 56 per- 
cent are women. 



Through outreach programs, col- 
leges and universities can be instru- 
mental in enhancing science teach- 
ing at the precollege level, often 
providing equipment and supplies 
that are not available to many 
kindergarten-12th grade science 
teachers. With Institute support. 
Washington State University has set 
up a program to loan electrophore- 
sis apparatus, spectrophotometers, 
video cameras, and other science 
teaching aids to schools that cannot 
afford to purchase them. Oklahoma 
State University supplies science 
foot locker kits to local teachers. 

At Oklahoma State the Institute- 
funded program is designed specifi- 
cally to help rural Native Americans 
progress through the educational 
system and complete a degree in 
the biological sciences. The Insti- 
tute's grant has been especially cru- 
cial in getting faculty involved in a 
program for reaching rural Native 
Americans during a time of cut- 
backs across the campus, said Alan 
Marker, Professor of Microbiology 
and Molecular Genetics and plenary 
presenter at the 1993 program 
directors meeting. According to his 
colleague Myra Alexander, Manag- 
er of Outreach and Counseling, the 
program has made progress in deal- 
ing with cultural disparities of the 
communities it selves by working 
with tribal leaders. 

Precollege Science Education 

The Institute in 1992 and 1993 
awarded a total of $10.65 million to 
51 natural history museums, sci- 
ence museums, children's musc- 
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urns, aquaria, botanical gardens, 
and zoos to support innovative edu- 
cation programs designed to inter- 
est youth in science. Under the sci- 
ence museums initiative, the Insti- 
tute focuses on three major areas: 
museum-related activities for chil- 
dren and youth, pre-service prepara- 
tion and in-serviee training for 
teachers, and family- and communi- 
ty-oriented science education activi- 
ties (see Science Museums: Creating 
Partnerships in Science Education, 
1993). 

In the program's f rst year, over 
37,000 students, 3,300 teachers, and 
4,300 adult and family members 
participated in Institute-funded pro- 
gram activities ranging from class- 
room use of science kits to 
year-long research experiences. Of 
the student participants, 28 percent 
were minority and 50 percent were 
female. Over half of the students 
involved were very young (prc- 
kindcrgarten to third grade), con- 
firming the Institute's commitment 
to provide early opportunities for 
exploration of science. 

Dr. Robert Hazen of the 
Carnegie Institution of Washington, 
the keynote speaker at the 1993 
meeting of the museum program 
directors, stated: "one of the biggest 
challenges for science education 
today is to stir the interest of the 99 
percent of students who will not 
choose a career in science." He rec- 
ommends that science education 
begin in elementary school and cap- 
italize on the natural curiosity of 
children. Science museums are par- 
ticularly suited to kindle their inter- 
est, he says. As Dr. Frank Oppen- 



heiiner, a pioneer in this field, once 
noted, "Nobody flunks museums!" 

Alliances for Science 

The meeting of museum program 
directors held in September 1993 
focused on how museums create 
partnerships in science education 
with schools, families, youth organi- 
zations, and community groups. 
Museums meet a special need at 
the state and local levels in regard 
to educating average citizens about 
science, because of their emphasis 
on interactive exhibits and their 
connections with young people and 
their families. 

Strong local alliances have 
played a critical role in the initial 
successes described by the direc- 
tors of the museum programs. In 
many eases, these partnerships 
involve a broad network of partici- 
pants, including schools, teachers, 
families, corporations, universities, 
and other institutions. Local com- 
munity organizations, ranging from 
the Girl Scouts and 4-H clubs to 
senior citizens associations, are also 
helping in the effort to bring sci- 
ence to youngsters. Indeed, organi- 
zations that start out as constituen- 
cies to be served by the programs 
often become partners in the muse- 
um efforts. 

With a major focus on elemen- 
tary school children, this initiative 
complements the precollege out- 
reach activities funded through the 
Institute's undergraduate science 
education program, which is 
addressed primarily to secondary 
school studeius and teachers. 



One of the biggest 
challenges for 
science educa- 
tion today is to 
stir the interest 
of the 99 percent 
of students who 
will not choose a 
career in science, 

Dr. Robert Hazen 
Carnegie Institution 
of Washington 
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We're supporting 

teachers, we're 

befriending 

teachers, and 

we're sharing 

with them our 

enthvsiasmfor 

hands-on science 

education, 

Roree Iris-Williams 
Franklin Institute 
Science Museum 



Besides produc- 
ing scientists, we 
must also create 
citizens who 
understand the 
role of science in 
a democracy and 
its contributions 
to society's 
economic well- 
being. 

Dr. David Goodstein 
California Institute 
of Tech nology 



Reaching Teachers 

Of the various alliances that have 
formed under the Institute's preeol- 
legc program, the most common 
are those between museums and 
teachers. Virtually all of the pro- 
grams funded during this first year 
of the Institute's museum initiative 
involve teacher training. Some 
instruct teachers on specific topics 
so that they can prepare their stu- 
dents for participation in science 
activities. Others aim to improve 
science education more generally 
through teacher development. 

Teacher "empowerment" is the 
term used by Peter Dow of the Buf- 
falo Museum of Science. Dr. Dow 
said at the 1993 meeting of program 
directors that his museum is seek- 
ing to be more of a teaching 
resource, In 1989 an elementary 
school was built onto the museum, 
which now provides courses to 
selected teachers who in turn devel- 
op programs for their own schools. 

The Franklin Institute Science 
Museum has already reached thou- 
sands of middle-school teachers in 
the Philadelphia area. Its multifac- 
eted biology education initiative, 
operated in conjunction with a simi- 
lar program funded by the National 
Science Foundation, offers work- 
shops, previews of exhibits, and 
even an overnight retreat. Program 
director Roree Iris-Williams views 
the Franklin Institute's efforts as 
more than training teachers: "We're 
supporting teachers, we're befriend- 
ing teachers, and we're sharing with 
them our enthusiasm for hands-on 
science education," she told her col- 



leagues during the museum direc- 
tors meeting. 

The Woodrow Wilson National 
Fellowship Foundation will use its 
HHM1 award to continue a summer 
biology institute at Princeton Uni- 
versity. This initiative gives excep- 
tional high school teachers the 
opportunity to explore ideas for 
improving biology education. In 
addition, some of the successful 
graduates of the program will travel 
the country, sharing ideas from 
their sessions with less experienced 
peers. This teacher-to-teacher train- 
ing will occur at 28 sites, many in 
remote areas where teachers lack 
information on new approaches to 
teaching biology. 



Conclusion 

Meeting the Challenge of Science 
Education 

Perhaps the paramount challenge of 
the future lies in expanding science 
education beyond the scientific pro- 
fessionals to nonscience majors in 
colleges and universities and to the 
population in general. Dr. David 
Goodstein, Vice Provost at the Cali- 
fornia Institute of Technology, 
recently commented in Engineering 
& Science on the role of science 
education in the United States. 
Besides producing scientists, he 
said, we must also create citizens 
who understand the role of science 
in a democracy and its contribu- 
tions to society's economic well- 
being. Moreover, a scientifically lit- 
erate citizenry is necessary to form 
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the broad political consensus thai 
supports basic scientific research as 
a common good. 

At the meeting of undergraduate 
program directors, Dr. Pamela 
Bjorkman, an Institute investigator 
and Assistant Professor of Biology 
at the California Institute of Tech- 
nology, noted that the greatest 
value of science education for non- 
science majors, hke that of a liberal 
arts education, may lie in helping 
students learn how to think critical- 
ly and analyze logically. Others view 
such education as a "seeding" effort 
to extend science literacy to the 
general population. Dr. Norman 
Hackerman, President Emeritus of 
Rice University, recently cited 
another benefit: 'This same group 
might well be the best source of 
teachers of science below the col- 
lege level." At the same meeting Dr. 
Sarah Elgin, Professor of Biology 
and program director at Washing- 
ton University, stressed the impor- 
tance of high school biology for 
educating the general public. 'That 
first year biology class is really the 
only place we can talk to the majori- 
ty of Americans," she said. "When it 
comes to science education, for a lot 
of folks that's it." 

If You Build It, They Will Come 

The education programs being 
developed with support from the 
Undergraduate Biological Sciences 
Education Program are attracting 
and educating students with gener- 
al academic interest as well as those 
focusing on a Ph.D degree. The les- 
son is clear, said Dr. Frank Vellac- 



cio. Dean of the College of the Holy 
Cross: "Build it, and they will 
come." 

Providing students with opportu- 
nities for hands-on research experi- 
ences is especially important. Dr. 
Elizabeth Jones, Professor of Bio- 
logical Sciences at Carnegie Mellon 
University, noted in a recent state- 
ment before the National Research 
Council Committee for Biomedical 
and Behavioral Research Personnel, 
'The fact remains that a very large 
fraction of students who participate 
in undergraduate research pro- 
grams end up in biomedical 
research careers. They are able to 
make the commitment knowing in 
advance that they enjoy doing 
research and are good at it." 

In order to interest students in 
science, museums are also focusing 
on imaginative new ways to present 
exhibits and programs. These 
efforts can have a significant impact 
on how students feel about science. 
For example, Stephen Jay Gould, 
Professor of Geology and of Zoolo- 
gy at Harvard University, recalled 
being taken by his father to the 
American Museum of Natural His- 
tory "to see the tyrannosaurus 
when I was five." Dr. Gould dedicat- 
ed his book, Ever Since Darwin: 
Re/lections in Natural History, to his 
father in appreciation. 

A wide range of science-rich 
institutions are devoting more atten- 
tion to developing strategies for 
enhancing science education. In a 
recent article entitled "Careers '93; 
A Survival Guide," Dr. James Wat- 
son, President of Cold Spring Har- 
bor Laboratory, offered four rules of 
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value of science 
education/or 
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Medical Investigator 
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of Technology 
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Washington 
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The lesson is 

clear. ..Build it, 

and they will 

come. 

Dr. Frank Vellaccio 
College of the Holy 
Cross 

Believe in your- 
self. . .learn from 
your experi- 
ences... and let 
yourself dream. 

Dr. Paul Grobstein 
Bryn Mawr College 



thumb that might be applied to 
building effective science education 
programs: learn from winners, take 
risks, have a fallback strategy, and 
have fun. The innovative science 
education programs being offered 
with support from the Institute are 
attracting students to the world of 
science and enhancing the quality 
of their education and training. 

The faculty and staff at these 
institutions are opening the doors to 
young people, with new attention to 
women and minorities, to offer 
them the extraordinary opportuni- 
ties in science and the unlimited 
potential, especially in biology and 



medicine, to benefit humanity. Paul 
Grobstein, Professor and Chair of 
the Department of Biology at Bryn 
Mawr College, advises students, 
"Believe in yourself. ..learn from 
your experiences... and let yourself 
dream." Dr. Grobstein is one of the 
many scientists and teachers 
throughout the nation who are help- 
ing the next generation join the sci- 
entific revolution. The Institute is 
pleased to be a partner in this effort. 

Joseph G. Perpich, M.D., J.D. 
Vice President for Grants and 
Special Programs 
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The grants program for graduate 
education in the biological sciences 
complements the Institute's pro- 
gram of biomedical research. Sup- 
port is provided for the education of 
young scientists who show strong 
promise of becoming tomorrow's 
leading investigators. 

Through its graduate fellow- 
ships, the Institute seeks to foster 
excellence in research and to 
address unmet national needs. 
Although projections of the future 
supply of biomedical scientists vary 
from study to study, there is agree- 
ment that the numbers of graduate 
students from underrepresented 
minority groups and of medically 
trained investigators engaged in 
fundamental research are relatively 
low and should be increased. 



The number of full-time graduate 
students in the biological sciences 
at doctorate granting institutions 
has continued to rise slowly over 
the past 10 years (from 35,000 to 
more than 40,000) (Figure 2). The 
number who are U.S. citizens has 
remained at about 30,000, despite 
declining numbers of baccalaureate 
degrees in biology. 

Ph.D. degrees awarded in the 
biological sciences remained at just 
under 4,000 until the late 1980s, 
when they began to increase (Fig- 
ure 3). On average, the 4,794 who 
received Ph.D.'s in biology in 1992 
were registered in graduate school 
for 6.7 years, an increase of 0.7 of a 
year over the previous 10 years. 
Women are well represented in the 
pool of new biology doctorates (39 



Figure 2 

Biological Sciences Graduate Students at 
Doctorate-Granting Institutions, 1982-1991 

Number of ftill-time students 
46,000 




1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
■ First-year students M All students with federal support ■ All students 
Source: National Science Foundation, 1999 
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Ph,D, Degrees Awarded in the Biological Sciences, 
1983-1992 

Degrees awarded 
5,000 




■ Selected biological science fields H All biological sciences 

Sote: Selected fields include those related to the five areas oj 'the Institute's scientific program: cell biology and 
regulation, genetics, immunology neuroscience, and structural biology 

Source: National Research Council, Summary Report, Doctorate Recipients from United States Universities, 
atmvaL 



percent), whereas some minority 
groups remain substantially under- 
represented (1.3 percent black, 1.5 
percent Hispanic, and less than 1 
percent Native American). 

Universities and the federal gov- 
ernment continue to be Lhc major 
sources of financial support (50 per- 
cent and 28 percent, respectively). 
The National Institutes of Health 
alone, in 1992, supported 6,700 pre- 
doctoral students through its train- 
ing program awards to individual 
and institutions; additional predoe- 
toral support is provided through 
research grants. 

Postdoctoral training is a vital 
apprenticeship for biomedical inves- 
tigators. In the past decade, the 



increase in postdoctorates has paral- 
leled the increase in graduate stu- 
dents. The federal government is the 
source of support for three-quarters 
of these scientists (Figure 4). In 
1992, 73 percent of new Ph.D.'s in 
the biological sciences had plans for 
postdoctoral training, and about 20 
percent of new physicians planned 
to seek a research fellowship at 
some time in the future. 



Overview 

Tl -aduate education initiative of 
the .nsiitute grants program is 
intended to promote excellence, to 
complement other sources of avail- 
able support, and to meet special 
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Figure 4 



Biological Sciences Postdoctorates, 1982-1991 

Number of postdoctorates 

l4 2 G0u 




1983 1084 1985 1986 1987 
M With federal support ■ All postdoctorates 

Source: National Science Foundation, 1992. 



1990 1991 



needs. Highlights of the program 
include the establishment of Pre- 
doctoral Fellowships in Biological 
Sciences in 1988 (see Grants Pro- 
gram Policies and Awards, 1988- 
1989). After six rounds of awards, 
predoctoral fellowships now provide 
over $8 million annually to more 
than 300 students. Each may 
receive up to five years of support 
for graduate study in selected bio- 
logical sciences. Since the inception 
of the program, a total of $26 million 
has been awarded for almost 400 
fellows who have been enrolled in 
outstanding graduate programs. 
Reflecting the maturation of the pro- 
gram, 43 fellows have successfully 
defended their Ph.D. thesis and 
have gone on to pursue postdoctor- 
al training at leading laboratories. A 
few have attained faculty status. 



In June 1993 the Institute con- 
vened its first meeting of predoctor- 
al and physician postdoctoral fel- 
lows. About 50 predoctoral fellows, 
in the last year or two of their fel- 
lowship, presented their research in 
oral and poster presentations (see 
1993 Meeting of Predoctoral and 
Physician Postdoctoral Fellows, Pro- 
gram and Abstracts) . Such meetings 
will be held annually. 

The first Research Training Fel- 
lowships for Medical Students were 
awarded in 1989 (see Grants for Sci- 
ence Education, 1989-1990). These 
fellowships provide support for one 
year of full-time research on basic 
biological processes and disease 
mechanisms. In 1990 the program 
was expanded so that a small num- 
ber of fellows could continue their 
research for a second year or 
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receive support for up to two years 
as they completed their medical 
studies. The Institute now provides 
over $2 million annually for these 
new and continuing fellows. A total 
of $8 million has supported more 
than 350 medical students. 

At the first Scientific Meeting of 
Fellows, in May 1990, the 1989 
medical student fellows reported on 
their research. Each year since then 
the students have presented the 
results of their fellowship research 
(see the 1991, 1992, and 1993 edi- 
tions of the Institute publication Sci- 
entific Meeting of Fellows, Research 
Training Fellowships for Medical 
Students, Program and Abstracts). 

The Institute launched a third 
program of fellowship awards in 
1990, the Postdoctoral Research 
Fellowships for Physicians. These 
are intended to help increase the 
supply of well-trained physician-sci- 
entists by providing three years of 
support for training in biomedical 
research to physicians who have 
completed at least two years of post- 
graduate clinical training (see 
Grants for Science Education, 1990- 
1991). About $6 million is provided 
annually for these fellowships. 
Since the inception of the program, 
a total of almost $8 million has been 
awarded for about 100 men and 
women as they work at the leading 
edge of their research field under 
the guidance of superb mentors. 

The Research Resources pro- 
gram has been another avenue for 
support of graduate education. The 
first grants under this initiative, in 
1987 and 1988, went to Cold Spring 
Harbor, Jackson, and Marine Bio- 



logical Laboratories. These three 
grants and a second one to Cold 
Spring Harbor Laboratory, totaling 
altogether $14 million, were award- 
ed in part to support these institu- 
tions* unique series of short courses 
for biomedical scientists. 



Predoctoral Fellowships in 
Biological Sciences 

The goal of the Institutes program 
of predoctoral fellowships in biologi- 
cal sciences is to promote excel- 
lence in biomedical research by 
helping exceptional students obtain 
high-quality graduate education. 
Fellows must pursue a full-time 
graduate program leading to the 
Ph.D. or Sc.D. degree. 

Predoctoral fellowships are 
awarded to students at or near the 
beginning of their graduate study 
toward a Ph.D. or Sc.D. in any of 16 
eligible fields in the biological sci- 
ences. In general, these areas of 
fundamental research parallel those 
of the Institute's scientific program. 

College seniors, college gradu- 
ates with limited or no postbac- 
calaureate graduate study in the 
biological sciences, or first-year 
graduate students may apply for the 
predoctoral fellowship. Individuals 
who hold or are pursuing a medical 
or dental degree (M.D., D.O., 
D.V.M., or D.D.S.) may also apply if 
they meet eligibility criteria. 

The predoctoral fellowship pro- 
gram is open to applicants from any 
country. Fellows who are U.S. citi- 
zens or nationals may study in the 
United States or abroad. Fellows 
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who are foreign citizens or nationals 
may study only at U.S. institutions. 

The National Research Council 
of the National Academy of Sci- 
ences conducts the precloctoral fel- 
lowship competition on behalf of 
the Institute. For the 1993 competi- 
tion, panels of distinguished bio- 
medical scientists evaluated nearly 
1,500 applications. They were par- 
ticularly attentive to the applicants 
pian of study and research, refer- 
ence letters, and previous research 
experience, in addition to such 
quantitative indicators as Graduate 
Record Examination scores and 
undergraduate grade point average. 
Based on the panels' evaluations, 
awards were made to applicants 
who had demonstrated superior 
scholarship and showed the great- 
est promise for achievement in bio- 
medical research (Figure 5). 

The Institute selected 39 men 
and 31 women as fellows. Among 
these are two from India and one 
each from Australia, China, Israel, 
Japan. Malaysia, Peru, and the 
Philippines. Included in the 1993 
group are eight outstanding stu- 
dents from minority groups under- 
represented in the sciences, bring- 
ing to 36 the current number o"' pre- 
cloctoral fellows who arc black, His- 
panic, Native American, or Native 
Pacific Islander (Figure 5). The fel- 
lows selected for this year studied 
at 48 undergraduate institutions, 
including 4 abroad (Figure 6). They 
intend to pursue their graduate 
studies at 30 U.S. and foreign insti- 
tutions. 

As the Institute invests in gradu- 
ate education, it seeks to encourage 



Figure 5 



Pr-doctoral Fellowships in Biological 
Sciences, Program and Award Highlights 



Fellowship Terms 

■ 66 awards annually 

■ Up to five years of support 

■ $26,700 annually 

$14,000 stipend 

$12,700 cost-of-educalion 
allowance 

Eligibility 

■ Less than one year of grad 
uate study completed 

■ Full-time study toward a 
Ph.D. or Sc.D. degree 

■ Selected biological sci- 
ences 

biochemistry- 
biophysics 
biostatistics 

cell biology and regula- 
tion 

developmental biology 

epidemiology 

genetics 

immunology 

mathematical biology 

microbiology 

molecular biology 

neuroscience 

pharmacology 

physiology 

structural biology 

virology 



1993 Awards 

■Total number: 70 

31 women and 39 men 

61 U.S. citizens and 
9 foreign citizens 

39 college seniors (at the 
time of application) and 
31 graduate students, 
including 

4 medical students and 
1 physician 

8 minorities underrepre- 
sented in the sciences 

■ Fellowship institutions: 30 



All Current Predoctoral 
Fellows 

■Total number: 310 

128 women and 182 men 

270 U.S. citizens and 
40 foreign citizens 

15(5 college seniors (at the 
time of application) and 
154 graduate students, 
including 

24 medical students, 
3 physicians, and 
3 veterinarians 

36 minorities underrepre- 
sented in the sciences 

■ Fellowship institutions: 55 

■ Distribution by field 

52 biochemistry and 
structural biology 

10 biostatistics, epidemiology, 
and mathematical biology 

46 cell biology and 
immunology 

106 genetics, microbiology, 
molecular biology, and 
\irology 

96 neuroscience, biophysics, 
developmental biology, phar- 
macology, and physiology 



Graduate Science Education 




Figure 6 



Predoctoral Fellowships in Biological Sciences, Educational Origins of 1993 Awardees 



Undergraduate Institutions 

Beijing University (People's 
Republic of China) 
Brown University, 3 
California Institute of 
Technology, 2 
Calvin College 
Carnegie Mellon University 
College of William and Maiy 
Cornell University 
Duke Ur.iversity, 2 
Evergreen State College 
Harvard University, 7 
Indiana University at 
Bloomington 

Johns Hopkins University 
Kenyon College 



Kyoto University (Japan) 
La Salle University 
Macalester College, 2 
Michigan State University 
North Dakota State University 
Main Campus 

Northern Arizona University 

Princeton University, 2 

Purdue University 

Reed College, 3 

Rice University, 3 

Rutgers the State University of 

New Jersey New Brunswick 

Campus, 2 

Spelman College 

Stanford University, 2 



Texas A&M University 
University of California- 
Berkeley 

University of California- 
Los Angeles, 2 
University of California- 
Santa Cruz, 2 
University of Chicago 
University of Illinois at 
Urbana-Champaign, 2 
University of Michigan- 
Ann Arbor 

University of Montana 
University of New Mexico Main 
Campus 

University of Pennsylvania 



University of Peru- 
Cayetano Heredia (Peru) 
University of Pittsburgh Main 
Campus 

University of Queensland 
(Australia) 

University of Tennessee, 
Knoxville 

University of Texas at Austin 
University of Utah 
University of Virginia 
Washington University 
Wellesley College 
Wesleyan University 
Yale University, 3 



High Schools 

Arizona 

Flagstaff, Flagstaff 

Arkansas 

Hall, Little Rock 

California 

Colton, Colton 

Crystal Springs Uplands, 

Hillsborough 

Jefferson, Dale City 

Polytechnic, Pasadena 

Skyline, Oakland 

Terra Linda, San Rafael 

Florida 

Pine View School for the 
Gifted, Sarasota 
Georgia 

Henry Grady, Atlanta 
Illinois 

Glenbard East, Lombard 
Illinois Mathematics and 
Science Academy, Aurora 
Rich Central, Olyvnpia Fields 
Indiana 

Valparaiso, Valparaiso 
Louisiana 

Benjamin Franklin, New 

Orleans 

Maryland 

T.J. WooUxu, Rockville 



Massachusetts 
Concord-Carlisle, Concord 
Newton North, Newtonville 
Windsor School, Boston 
Michigan 

Green Hills, Ann Arbor 

Haslett, Hasletl 

Michigan Christian, Muskegon 

Missouri 

David H. Hickman, Columbia 

Mehlville, St. Louis 

Park Hill, Kansas City 

Parkway South, Manchester 

Nevada 

McQueen, Reno 

New Jersey 

Bridgewater-Raritan, 

Bridgewater 

Columbia, Maplewood 

Freehold Township, Freehold 

Newark, Newark 

North Hunterdon, Annan dale 

Wayne Hills, Wayne 

West Windsor-Plainsboro, 

Princeton Junction 

New Mexico 

Los Alamos, Los Alamos 



New York 

Alternative Community, Ithaca 
Anglo-American International, 
New York City 
Hillcrest, New York City 
Ithaca, Ithaca 
Lakeland, Shrub Oak 
Ohio 

Dublin, Dublin 

St. Ignatius, Cleveland 

Worthington, Worthington 

Pennsylvania 

Cumberland Valley, 

Mechanicsburg 

Dover Area, Dover 

Lansdale Catholic, Lansdale 

Philadelphia High School for 

Girls, Philadelphia 

Pottsgrove, Pottstown 
Tennessee 
Clinton, Clinton 
Oak Ridge, Oak Ridge 
Texas 

Bryan, Bryan 
Piano, Piano 
Utah 

Skyline, Salt Lake City 

Virginia 

Fairfax, Fairfax 



Washington 
Olympia, Olympia 
Wisconsin 

Madison West, Madison 
Sparta, Sparta 
University School of 
Milwaukee, Milwaukee 
Wausau East, Wausau 
Outside the United States 
Australia, Keebra Park State, 
Southport 

Ecuador, C. Alem£n 
Humboldt, Guayaquil 
India, DAV Higher Secondary, 
Madras 

India, Springdales, Delhi 
Jamaica, Wolmer's Boys 
School, Kingston 
Japan, Hiroshima University 
Senior High, Hiroshima 
People's Republic of China, 
Accessory Middle School of 
Northeast, Changchun 

Peru, Colegio Alfonso Ugarte, 
Lima 

Philippines, International 
School, Manila 
U.S. Virgin Islands, Ivanna 
Eudora Kean, St. Thomas 
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diversity among students working 
full-time toward a doctorate in the 
biological sciences. If current pro- 
gram trends continue in future com- 
petitions, 10 to 15 percent of the fel- 
lows will be from minority groups 
under-represented in the sciences 
and 40 to 45 percent of the fellows 
will be women. 

The predoctoral fellows selected 
in the 19S8-1992 competitions con- 
tinue to demonstrate exceptional 
ability as biomedical researchers. 
They have notified the Institute of 
88 peer-reviewed journal articles 



and 87 abstracts published during 
the past year, based on fellowship 
research, and of 48 oral and 103 
poster presentations at internation- 
al, national, and regional scientific 
meetings. By June 1993, 43 fellows 
had informed the Institute that they 
had completed their graduate stud- 
ies and defended their thesis. 

About 50 predoctoral fellows 
near the end of their fellowship 
term were convened at a June 1993 
scientific meeting of predoctoral 
and physician postdoctoral fellows 
(Figure 7). In the presentations on 
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1993 Meeting of Predoctoral and Physician Postdoctoral Fellows 
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Figure 8 



Predoctoral Fellowships in Biological 
Sciences, All Current Fellowship 
Institutions 



Albert Einstein College of 
Medicine 

Baylor College of Medicine 

Boston University 

Brandeis University 

Brown University 

California Institute of 
Technology 

Carnegie Mellon University 

Case Western Reserve 
University 

Columbia University 

Cornell University 

Duke University 

Emory University 

Harvard University 

Johns Hopkins University 

Massachusetts Institute of 
Technology 

McGill University (Canada) 
Northwestern University 
Princeton University 
Rockefeller University 
Rush University 

Rutgers the State University of 
New Jersey New Brunswick 
Campus 

Scripps Research Institute 

Stanford University 

State University of New York at 
Buffalo 

Tufts University School of 
Medicine 

Tulanc University 

University of Arizona 

University of California- 
Berkeley 

University of California- 
Los Angeles 

University of California- 
San Diego 

University of California- 
San Francisco 
University of Cambridge 
(United Kingdom) 



University of Chicago 

University of Colorado at 
Boulder 

University of Colorado Health 
Sciences Center 

University of Connecticut 

University of Florida 

University of Houston 

University of Illinois at 
Urbana-Champaign 

University of Michigan- 
Ann Arbor 

University of Minnesota- 
Twin Cities 

University of New Mexico Main 
Campus 

University of North Carolina at 
Chapel Hill 

University of Oregon 

University of Oxford (United 
Kingdom) 

University of Pennsylvania 

University of Pittsburgh Main 
Campus 

University of Texas Medical 
Branch at Galveston 

University of Texas Southwest- 
ern Medical Center at Dallas 

University of Utah 
University of Virginia 
University of Washington 
University of Wisconsin- 
Madison 

Washington University 
Yale University 



their research, the fellows gave fur- 
ther evidence of their skill and pro- 
ductivity and showed enthusiasm 
for their chosen careers as scien- 
tists. (See the Institute publication 
1993 Meeting of Predoctoral and 
Physician Postdoctoral Fellows, Pro- 
gram and Abstracts) 

The Institute will continue to 
award about 66 new predoctoral fel- 
lowships annually. At present 310 
predoctoral fellows are receiving 
support at 55 academic institutions, 
at an annual cost of over $8 million 
(Figure 8). 
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Predoctoral Fellowships in Biological Sciences, 1993 Fellows 

Name Krilmwhip Institution 

Biochemistry and Structural Biology 

Suzanne Admiral Stanford Cniversity 

Kldnii Bnird California liisl itutc of Technology 

Alexis Bnrisy Harvard I nivcrsily 

Annette Dexter t"niv«Tsii> nf Illinois at CihnnnChampaign 

•hunt's .JciiiIps Scripps Research lust itutt 1 

Sliuo Liu I'nivcrsity r>f California- Ixis Angeles 

Michael Pniier Ctiiversltyuf llouslnti 

Chad Rirnsint -Vale I'nivcrsity 

Uura Rusche lohus llnpkin* I'ltivwvlt) 

Peter Savage Stanford Cniversily 

Biostatistics, Epidemiology, and Mathematical Biology 

Carl Hergsirom Stanford Cniversity 

Stephen Uno. Cniversity ufCaliforuui- Berkeley 

titi Meir I "nivcrsily of Washington 



Department 



Biochemist ty 

Chemistry 

Chemistry 

Biochemistry 

Office ol Graduate Studies 

Chemistry and Biochemistry 

Chemistry 

Clicinisln 

..In'ochcini.sny (Vllulnr am! Molec ilar Biology 
Continued Admissions Mode 



Amy Sayle l iiiscrsily tif North ("ami ina at Chapel Hill . 

.Joseph Wientels diversity of California- Berkeley 



Biological Sciences 

Integrative Biology 

'/linhlft 

KpidiMiiinhij* 

..Biomedical and ICliviroiiitteuial Health Sciences 



Cell Biology and Immunology 

Shcryll Barker Cniversity of New Mexico Main Campus . 

Scott Bowling Duke I niversity 

Daniel Btichholz Cniversity of California-Berkeley 

.lavior Chincn Baylor College of Medicine 

Diana Harris Harvard I niversity 

Amy Kistler Iniversity of California-San Francisco,.., 

Sarah Miitku Cniversity of California-San Francisco... 



Biomedical Sciences 

Cell and Molecular Biology 

Molecular and Coll llioloft 

..Microbiology and Huron nology 

Biological Sciences 

....Him hoiuistrvaml Riophysic.% 
....Biochemistry and Biophysics 



Genetics, Microbiology, Molecular Biology, and Virology 

Joanne Adaiukewi<7. I'niversilyof California- Berkeley 

Shane Alhrighl I niversity of California- Berkeley 

Adriana Briscoe Harvard I niversity 

Rewialdo Cambeo I niveisiiy of Wisconsin-. \ladisnu 

Mil Carnu I'niversilyof California- Berkeley 

David Coney. .. Duke Cniversily 

Kwa Davison Massac In isc-( is Institute iif TiH'huuSoHt" — 

U'cn; 1 . Ciaudhi I niversity of California-Berkeley 

Keow (ioli Massachusetts Institute 4 if Technology.. 

Marc Ihatic/: I 'niversity of California- Berkele> 

Soikti Ishida i niversity of California-San Francisco .. 

Luira Koxlcvcar Cniversity of California- San Diego 

Cosettc LcCiel I'nivcrsity of Washington 

Brian Lewis Julius Hopkins I niversity 

Whitney Neufcld Kaiser I "nivcrsily of Washington 

Sophie I Vterscn I'nivcrsity of California- Berkeley 

Kimbcriy Phillips Cornell Cuivcrsils 

Frances hi Cniversity of California-Berkeley 

Anne Qucenait Princeton Cniversity 

Hn'Mt Kupnovv Staufonl I niversity 

Trina Sara.fi Washington I'nivcrsity 

Mark Siegal Harvard Cniversity 

Michael Sohaskey Stanford I niversity 

Thomas Wang Cniversity of California-San Francisco.. 

Kevin White Stanford I niversity 

And rew Zaha Isky B rown I ' ui v< ts il y 



MuhMfihr anil Cell Biology 

Molecular and (VII Biology 

...Orgauisiuic and Evolutionary Biology 

Onr<i|(i^> 

Molecular a nil Cell Biology 

Cell and Molecuhir Biolofl' 

Biology 

Molecular and Cell Biology 

Biology 

Molecular and Cell Biology 

Biochemistry and Biophysics 

Biomedical Sciences 

(ieaeties 

Ihunaii Genetics 

(ictletic*. 

Moleculiiraud Cell Biology 

Genetics and Dcveloiimcni 

Molecular and Cell Bio I oft- 

Molecular Bio I oft 

...Cancer Biology 



Biological and Biomedical Science! 

..Organism ic and Evolutionary Biology 

Combined Admissions Mode 

Biochemist ry and Biophysics 

Developmental Biology- 

Biology ami Medicine 



Neuroscicnce, Biophysics, Developmental Biology, Pharmacology, and Physiology 

Michael Bianchetta Harvard Cniversity 

Heather Corbel! I niversity of California- Berkeley 

Saumya Das Harvard I'nivcrsity 

Re id Fi'ldman California Institute of To timolol 

Ralasubrantanian Garish Cniversity i»f California-Berkeley 

Lisa Goodrich .Stanfurd I niversity 

Melina Hale Iniversity of Chicago 



Jonathan Heller Cniversity of California-Berkeley 

Alan .lasanoff 1 Harvard I'nivcrsity 

Christopher Kousky Slate Cniversity of New York at Buffalo 

Daniel Lynns Stanford Cniversity 

Valerie Pierce Cniversity of Chicago 



.lennelle Richardson Cniversity of Minnesota-Twin Cities 

Kimbcriy Seoarce .Columbia Cniversity 

hull SchacfTrr I 'niversity of Arizona 

Marion Sewer Emory Cniv ersity 

Michael Silver I'niversilyof California-San Francisco.. 

Joshua Tonenhaiim Massaehu sells Instiiule of Technology 

Monica Tnrros I'niversilyof Washington 

Matthew Troseh Massachusetts Institute nfTcchunlogy ., 

Nathaniel Crban I "niversity of Pittsburgh Main Canipus... 

David Wheeler Stanford I niversilv 



Neurobiology 

Molecular and ('ell Biology- 

Neurobiology 

Biology 

Molecular and Cell Biology 

Seuroseicnces 

Organismal Biology and Anatomy 

Biophysics 

Biophysics 

Biochemical I'hnrmaculnft 

Cotlil lined Admissions Mode 

Organismal RioloKvand Anatomy 

Pharmacoloft 

Ncvirohioloft- and Behavior 

, Ecology and Evolutionary Biology 

Physiological and Pharmacological Sciences 

Neuroscicnce 

Brain and Cognitive Sciences 

Pharmacology and Neurobiology 

Brain and Cognit ive Sciences 

Behavioral Neuroscicnce 

Neiiroscienccs 
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Figure 9 



MD. Plans at Graduation, 1983-1992 

Intention to Seek a Research Fellowship 

Percentage of graduating physicians 



30% 




Research Interests 

Percentage of planned fellowships 




1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 



■ Basic research ■ Combination ■ Clinical research 

Sole: The questionnaire allowed for an Undecided'' mponsefor the first time in 1984, which may account for 
(he abrupt drop between I983and 1984 of inteiuied research fellowships (top graph). 

Source: AAMC Graduation Quest lonn&lre t annuaL 
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Research Training 
Fellowships for Medical 
Students 

The Institute's Research Training 
Fellowships for Medical Students 
have as their primary objective an 
increase in the proportion of physi- 
cians who are significantly involved 
in research. The fellowships pro- 
vide support for an intensive year of 
laboratory investigation for medical 
students who have begun to consid- 
er research as part of their career, 

The pool of potential physician- 
scientists is drawn from current 
medical school students with a keen 
interest in research. The Associa- 
tion of American Medical Colleges 
annually surveys all students receiv- 
ing an M.D, degree in a given year. 
According to the latest AAMC grad- 
uation questionnaires, about half 
the M.D. recipients had participated 
in research projects in medical 
school and a third wore coauthors 
of a published paper. Further, 
one-fifth of the graduating medical 
students intend to seek a research 
fellowship. Among those, the per- 
centage planning to focus on basic 
science, either alone or combined 
with clinical research, remains fairly 
steady (Figure 9). 

The AAMC also reports that 
about 14 percent of M.D. graduates 
foresee a significant involvement in 
research. However, only slightly 
more than 1 percent want a full-time 
academic career with a focus on 
basic science. These trends high- 
light the continuing importance of 
providing training opportunities in 



Figure 10 



Research Training Fellowships for Medical 
Students, Program and Award Highlights 



Initial Award Terms 

■ Dp to 60 awards annually 
■One year of support 

■$23,200 fellowship for 1993 
814,000 stipend 
$4,500 research allowance 

$4,700 institutional 
allowance 

■Continued awards possible 
for a second year of research 

■Continued awards possible 
for up to two years while 
completing medical school 

Continued Awards Terms 

■Second Year of Research 
($23,200 for one year) 
$14,000 stipend 
$4,500 research allowance 

$4,700 institutional 
allowance 

■ Keturn to Medical Studies 
($26,700 annually for up to 
two years) 

$14,000 annual stipend 

$12,700 educational 
allowance 

Eligibility for Initial 
Awards 

■Currently enrolled in a U.S. 
medical school 

■ Fundamental research 
(basic biological processes 
and disease mechanisms) 

■ Full-time research 

■ Fellowship year at any academic 
or non-profit research institu- 
tion in the United States, except 
N1F1 in Bethesda, Maryland 

■ Not enrolled in an 
M.DyPh.D. or Ph.D. program 



"These figures include IS medical student fellows and 12 HllMI-NlH 
Research Scholars selected in 1993 for continued awards for return to 
medical studies, and J medical student fellow selected for a second year 
of research. In addition, the figures include 16 of the continuing felloivs 
selected in 1992 who are iv the second year of such support. 



1993 Initial Awards 

■Total number: 57 
21 women and 36 men 

3 minorities underrepre- 
sented in the sciences 

Medical school level 

completed 
Year 1; 2 fellows 
Year 2: 32 fellows 
Year 3: 21 fellows 
Year 4: 2 fellows 

* Fellowship institutions: 27 

■ Distribution by field 
2 biochemistry and struc- 
tural biology 

21 cell biology and 
immunology 

17 genetics and molecular 
biology 

17 neuroscience and 
physiology 

Continued Awards — 
Return to Medical 
Studies or Second 
Year of Research 

■Total number: 42* 
20 women and 22 men 

8 minorities unde repre- 
sented in the sciences 

Medical school level 

completed 
Year 2: 5 fellows 
Year 3: 11 fellows 
Year 4: 26 fellows 



Graduate Science Education ' 3 8 



Figure 11 



Research Training Fellowships for Medical Students, Educational Origins of 1993 Initial 
Awardees 



Undergraduate Institutions 

Bryn Mawr College 

City University of New York 
Brooklyn College 

College of William and Mary 

Cornell University, 5 

Duke University, 5 

Eastern Mennonite College and 
Seminary 

Georgetown University 
Harvard University, 2 
Haverford College 
Johns Hopkins University, 2 



Knox College 

Louisiana State University and 
A&M College 

Luther College 

Northwestern University, 2 

Oberlin College 

Pomona College 

Princeton University 

Purdue University Main Campus 

Rutgers t he State University of 
New Jersey New Brunswick 
Campus 



Siena College 

Stanford University, 4 

Swarthmore College 

University of Calif omia-Irvine 

University of Calif ornia- 
Los Angeles 

University of Illinois at. Chicago 

University of Michigan- 
Ann Arbor 

University of Missouri-Columbia 

University of North Carolina at 
Chapel Hill, 4 



University of Oregon 
University of Southern California 
University of Texas at Austin 
University of Utah 
University of Washington 
Wake Forest University 
Wayne State University 
Wellesley College 
Williams College 
Yale University, 3 



High Schools 

California 

Alhambra, Alhambm 

Lelaiui, San Jose 

Los Alamitos, Los Ahimilos 

San Gabriel, San Gabriel 

Santa Monica, Santa Monica 

Connecticut 
Wilton, Wilton 

Florida 

Trinity Preparatory, Winter Park 
Illinois 

J.B. Conant, Hoffman Estates 
LawTcnceville, Lawrenceville 
Niles North, Skokie 

Indiana 

Lake Central, St. John 
St. Joseph's, South Bend 

Louisiana 

Baton Rouge Magnet, 
Baton Rouge 

Maryland 

Old Mill, Millersvillu 
Walt Whit man, Bethesda 



Massachusetts 
Lenox Memorial, Lenox 
Rivers School, Weston 
Weston, Weston 

Michigan 

Delasalle Collegiate, Warren 

Grosse Pointe South, 
Grnsse Pointe 

Lahser, Bloomfield Hills 
Minnesota 

John Marshall, Rochester 
Missouri 

Horton Watkins, St. Louis 
Lindberg, St Louis 
Rock Bridge, Columbia 

New Hampshire 

Philfips Exeter Academy, Exeter 

New Jersey 

North Brunswick, 
North Brunswick 

East Brunswick, East Brunswick 

Hunterdon Central, Flemington 



New Vork 

Dalton School, New York City, 2 
Ramapo, Spring Valley 
Regis, New York City 
Schalmont, Rotterdam 
Willlarasville East, Williamsville 

North Carolina 

Ashe Central, Jefferson 

Asheville School, Asheville 

North Carolina School of Science, 
Durham 

Paisley, Winston-Salem 
Southeast Guilford, Greensboro 

Ohio 

Beachwood, Beachwood 

Columbus School for Girls, 
Columbus 

Rocky River, Rocky River 
Solon, Solon 

Oregon 

Churchill, Eugene 



Pennsylvania 

Churchill, Pittsburgh 
Lancaster Mennonite, Lancaster 

Texas 

Georgetown, Georgetown 
Kinkaid School, Houston 
Klein, Spring 

Utah 

Olympus, Salt Lake City 

Virginia 

Fairfax, Fairfax 

Washington 

St. George's, Spokane 

Washington, D.C. 
Woodrow Wilson, 
Washington, D.C. 

West Virginia 
Mount View, Welch 

Outside the United States 
Canada, \a Canada, La Canada 

Ghana, Mawuli Secondary 
School, Ho 
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fundamental research and nurtur- 
ing student interest. 

For the last seven years, the 
Research Scholars Program, spon- 
sored jointly by HHMI and NIH, 
has brought selected medical stu- 
dents to the NIH intramural labora- 
tories for a year of fundamental 
research experience. To increase 
the number of students who may 
benefit from a similar experience, 
the Research Training Fellowships 
for Medical Students were initiated. 
Fellows may affiliate with a labora- 
tory at any academic or nonprofit 
research institution in the United 
States (except NIH in Bcthesda, 
Maryland), thus complementing the 
HHMI-N1H program. 

Initial Year of Research 

Research Training Fellowships for 
Medical Students are awarded to 
applicants who show the greatest 
promise of achievement in biomed- 
ical research and who have demon- 
strated superior scholarship in their 
undergraduate and medical school 
work (Figure 10). Applicants must 
be enrolled in a medical school in 
the United States. A panel of bio- 
medical scientists convened by the 
Institute evaluates each application, 
placing special emphasis on the let- 
ters of reference, the research plan, 
and the mentors plans for training 
the student. 

The 1993 competition resulted in 
awards to 57 new fellows, including 
36 men and 21 women, for one year 
of full-time laboratory research (Fig- 
ure 10). These fellows are enrolled 
in medical school at 27 institutions 



Figure 12 



Research Training Fellowships for Medical 
Students, All Current Fellowship 
Institutions 



Albert Einstein College of 


University of Illinois at 


Medicine 


Chicago 


Brown University 


University of Maryland at 


Case Western Reserve 


Baltimore 


University 


University of Massachusetts 


Columbia University 


at Worcester 


Cornell University Medical 


University of Medicine and 


center 


Dentistry of New Jersey- 


Robert Wood Johnson 


T^nLro 1 1 nii7o*"oid"i7 

IJUKc uiuvcroiiy 


Medical School 


Harvard University 


University of Michigan- 


Johns Hopkins University 


Ann Arbor 


Mayo Medical School 


University of Minnesota- 


Mount Sinai School of 


Twin Cities 


Medicine 


University of North Carolina 


Northwestern University 


at Chapel Hill 


Ohio State University Main 


University of Pennsylvania 


Campus 


University of Pittsburgh Main 


Oregon Health Sciences 


Campus 


University 


University of Southern 


Pennsylvania State University 


California 


Rockefeller University 


University of i Itah 


Rush University 


University of Washington 


Stanford University 


Washington University 


State University of New York at 


Yale University 


Buffalo 




Tufts University 




University of California- 




San Francisco 





and are graduates of 38 colleges 
and universities (Figure 11). Eleven 
of the fellows will be in a laboratory 
not affiliated with their medical 
school. The fellowship institutions, 
including those for continued fel- 
lows, number 34 (Figure 12). 

By the end of June of the fellow- 
ship year, 27 papers by 20 of the fel- 
lows selected in the 1992 competi- 
tion had been accepted for publica- 
tion in peer-reviewed journals, and 
16 abstracts had been published. 
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Forty-two of the fellows participated 
in 74 regional, national, and interna- 
tional scientific meetings. The med- 
ical student fellows were also con- 
vened in Bethesda at the May 1993 
Scientific Meeting of Fellows (Fig- 
ure 13), where they provided fur- 
ther evidence of a productive year 
and enthusiasm for continued 
involvement in fundamental sci- 
ence. (See the Institute publication 
1993 Scientific Meeting of Fellows, 
Research Training Fellowships for 
Medical Students, Program and 
Abstracts). 



Continued Support 

Fellows may apply for support for a 
second year of research. They may 
also compete for continued fellow- 
ship support for up to two years 
while they complete their study 
toward the M.D. degree. Medical 
students at. NIH under the auspices 
of the HHMI-NIH Research Schol- 
ars Program are also eligible to 
apply for continued support toward 
the completion of medical studies 
(Figure 14). 

Candidates for continued fellow- 
ship support in 1993 were evaluated 



Figure 13 
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Figure 14 



Research Opportunities for Medical Students 

The Howard Hughes Medical Institute has two programs that provide opportunities for medical students in the United States to 
spend a year doing intensive research. For each program, the students are selected on the basis of a national competition. Stu- 
dents may apply to only one of these programs in a given year. A comparison of the two programs follows. 



Time 



HHMI-NIH Research 
Scholars Program (Cloister 
Program) 

Appointment is for nine months to one 
year, with an opportunity for some schol- 
ars to extend for an additional year of 
research. 



HHM1 Research Training 
Fellowships for Medical 
Students Program 

The fellowship term is one year, with an 
opportunity for a small number of fellows 
to extend for an additional year of 
research. 



Place 



Research is conducted at NIH in Bethes- 
da, Maryland. The Cloister, a residenti?! 
facility for scholars, is available on the 
NIH campus. Travel to and from Bethes- 
da is provided. 



Research is conducted at an academic or 
nonprofit research institution in the Unit- 
ed States chosen by the fellow. Research 
may not be at NIH in Bethesda, Mary- 
land. 



Salary/Stipend 



The annual salary for scholars is $16,800. 
Research scholars are employees of 
HHMI, with fringe benefits. 



The annual stipend for fellows is $14,000. 
Fellows are not HHMI employees and 
receive no fringe benefits. However, a 
portion of the $4,700 allowance to the fel- 
lowship institution may be used for 
health insurance for the fellow. 



Research Topic 



The research project is selected upon 
arrival at NIH, after a round of laboratory 
visits. 



The research project must be described 
in the fellowship application. 



Research Costs 



There is no special research allowance. 
Costs are covered by the scholar's 
laboratory. 



A $4,500 research allowance on behalf of 
the fellow is provided to the fellowship 
institution, in addition to the $4,700 insti- 
tutional allowance. 



Citizenship 



Scholars must be citizens or permanent 
residents of the United States. 



There are no citizenship requirements. 
However, applicants must be attending 
medical school in the United States. 



Medical School Support 



Students from each program may compete for a small number of awards for up to two 
additional years of fellowship support while completing medical school. The support 
will be a $14,000 annual stipend and a $12,700 annual allowance toward tuition and 
other education-related expenses. 



For Information and 
Applications: 



HHMI-NIH Research Scholars Program 
Howard Hughes Medical Institute 
1 Cloister Court, Department G 
Bethesda. MD 20814-1460 
(301) 951-6770 or 
(800) 424-9924 



Research Training Fellowships for 
Medical Students/GSE94 
Howard Hughes Medical Institute 
Office of Grants and Special Programs 
4000 Jones Bridge Road 
Chevy Chase, MO 20815-6789 
(301) 215-8889 
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Initial Awards — First Year of Research 



Follow 



Research Mentor 



Fellowship Inslihilion 



...Oregon Health Sciences ImuTsity. 



Biochemistry and Structural Biology 

Brian E. Daikh Dennis II. Koop. Ph.l) 

Site directed mutagenesis of cytochrome P -loti 2<'2 

Vickie Fowler Ingledue Saul M. Schanbcrg. M.D., I'h.l) Duke I'niwrshy 

Cellular mechanisms mediating ihe inhihit ion of tirnithino <Urarlioxyla.se expression during maternal tactile deprivation in the neonate 



Department 

Pharmacology 

Pharmacology 



..Cardiac ami Thoracic Surgcf>" 
..Virology and Immunology 

Obstetrics 

Medicine 



Ophthalmology 



Cell Biology and Immunology 

Dieter Bruno leffrcj L Plait, M.I) Duke I'uiversily 

X'eno reactive natural anlilxMlies: aB-cell repertoire analysis 

Douglas {J. Hrust Warner Greene, M.D.. Ph.l) I niversity of California-San Francisco 

Identification of cellular factors that interact wilJi HIV rev (Columhia Iniversity Col -'go of Physicians and Surgeons) 1 

Charlcne Chiang Joseph A. Hill, M.l).,and Deborah .1. Anderson. Ph.l) Harvard I niversity 

Expression ofTXr-u. y-IFX.CSF-l.and lE-ip in endometriosis and adcnoniyosis 

Hubert 1,. Ferris Hubert Silioiano, M.D., Ph.l) lohns Hopkins Iniversity 

Human CDS" cytolytic Tcell response to a novel a\ian pox virus-cnv gene AIDS vaccine 

Sarah M. Fortune Selh Led er man. M.I) Columhia I'nivrrsity Medicine 

Molecular dissect ion of T-B lymphocyte interact ions 

Bruce Frederick Israel Icffrvy A. Prelinger. Ph.l) Iniversily or North Carolina at Chapel Mill Microbiology and Immunology 

The nde of riM" CTL in (5-2 microglobulin •deficient mk v 

[J»yil (I. Ketchuin HoyL Sikrrslein, M.I) Cornel U niversity Medical Center Hematology and Oncology 

St niciure- function analysis of CDM, a vascular cell adhesion receptor 

Mustafa Kezar Khokha Philip M. lannaceonc. M.D., D.PIul North west cm I'liiversity Pathology 

Iterating cell division programs and fractal mosaic pattern in organ development 

Stella K. Kim Thaddeus Ur>ja,M.D cmrvard Iniversity 

Development id a novel ELISA to quantitatively measure KB protein: evaluation of it.s usefulness as a mnl in the diagnosis of hereditary rrfiimblaslffllia 

Hichard Vu-Tsanglan X. Scotl Adxick. M.D University of California- San Franeisco Surgery 

Fetal wuund healing (Harvard Medical School)* 

Michael. I. \jaa\v Lloyd Mayer, M.D Mount Sinai School of Medicine Medicine 

Monocytic function during chronic 111 V I infection 

Milra Mufti Inseph P. Yacanti, M.D., and Douglas W. Wilmore, M.D Harvard Iniversity , Surgery 

Tissue engineering and ncurartibigo: an analysis 

Andrea C. Monroe loanne Kurlzbcrg, M.D Duke Iniversity Pathology 

Pathogenesis of inlerleukin 2 modulation of expression of human stem cell leukemia in SON) mice 

Nieklas B.K. Oldenburg John A. C Jluwski. Ph.l) I diversity of North Carolina ai Chapel Hill Physiology and Biochemistry 

Mechanisms of resistance lo glucocorticoid- regulated apoptosis 

Amy D.Oppcrman David I. Epstein, M.D Duke I niversity .Ophthalmology 

llow ethacrynic acid changes the shape of endothelial colls and increases the outflow facility in the glaucomatous eye 

Marc Sabatine Hugh Auchincloss.Jr., M.D Harvard Pnivcrsity Sin gory 

Mechanisms of rejection of skin grafts from mire lacking MHO antigens 

Athauasia Syrengelas Ronald U'vy, M.D Stanford I niversity Medicine 

Cell mediated immunity in idiolype vaccination 

Anneruarie Thompson Salvatore V. Pizw>. M.D., Ph.D Duke I niversity Pathology 

Itheumatuid arthritis and fibrinolysis 

Cole Taggiirt Thomson Stanley (i. Nathorison. M.D. . and .lames C. S:i<rhoilinU , h.D....AIbort Kinstein College of Medicine Immunology and Biochemistry 

Structural studies of class 1 M DCs ami T cell reeeiMors 
Jennifer Tseng Robert N. Taylor, M.D., Ph.D I "niversity of California-San Francisco Obstetrics and Gynecology 

Estrogen regulation of a novel cytokine in endoinet riesis 
II an-llsing Irene Wu Andrew Amnio, M.I) , Harvard Cniversity Endocrine Unit and Oncology 

Chromosome breakpoint analysis [o identify a parathyroid oncogene (Vale Iniversity Scrawl of Medicine)* 

Genetics &nd Molecular Biology 

Steven B. Kleyl Mark Leppcrt, Ph.l). . and Kenneth Ward. M.D iniversity of llah (lenetiosand Obstetrics 

Familial total anomalous pulmonary venous return; linkage analysis and gone mapping 
David .1. Ilarnick Andrew Marks, M.J) Mount Sinai Sehonl of Medicine Molecular Biology 

Molecular eharactorbdion of a human T cell calcium channel 
Carolyn Yung llo (iary Gilliland, M.D., Ph.D Harvard luivcrsily Medicine 

Genetic linkage analysis of a familial platelet disorder with propensity to develop acute myelogenous leukemia 
Eric Clirisliaii Jobannsen Elliott Kieff, M.I)., PJi.D Harvard Cniversity Micndiiology 

Structural and functional analysis of a key transforminggene of Epstein-Harr virus 
Angela Margaret Keen Albert .1. Banes, Ph.D Cniversity of North Carolina at Chapel Hill Surgery 

The effect iifcyeHe load <>n expression of matrix protein in osteoblasts 
Erin Klixaholh Kershaw Hwlolph J,. U'ibel, M.D Kwkefel'er I niversity Human Behavior 

Moloctdar genetic basis fortypo II <lialM'tcssusce|)tihility in obese rodents (Cornell lliiversil) Medical College)* 
Rhett P. Kelterliiig Steve S. Soni mer, M.D,, Ph.D Mayo Medical School Biochemist ry 

The dopamine \Y.\ receptor (IVJDR) as a eandidnte gene for schizophrenia 
Kevin Korenblat Alison M. fioate. D. Phil Washington Imiversily Psychiatry 

Positional cloning of candidate genes tin climmosumc 14 linked to Alzheimer's disease 
Kin-Man Lii VY. French Anderson. M.D Iniversity of Stmt hern California Biochemist ry 

Site-specific mutation of the envelope protein gp7t) (Iniversity of California, Irvine. College of Medicine)' 
Hubert Skyler Mi Curley Hrcnt Weston, M.D i'niversity uf North Carolina at Chapel Mill Pediatrics 

Determination of the physical maps of ^(l.^umsyllransleraso loci 
Kristen Melriyk Joseph S. Handler. M.D Johns Hopkins PniversUy Medicine 

Role of niHNA stability in myo inositol and hetaine, tmnsporK'r expn'ssion 
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Fellow 



Research Mentor 



Fellowship Insiiuniim IK'pnriHH 1 m 
..Harvard Iniversily Medicine 



..Microbiology and Medicine 



Chi V. Nguyen TlimnasS. Kuppor. M.D 

The role of VLV2 iinogriu in cell- mediated collagen gel contract inn 
Kevin K. Pulls Samuel E. (Icorge. M.t) Duke Iniversily Medicine and Pharmacology 

Intracellular calcium signal tninsductiiin and vascular smooth muscle niigrniinii 
Jeffrey It. Raval Thomas E. Carey. Hi.I) I m'veiNity of Michigan -Ann Arbor OtcJlnrynftQluflr 

Loss of helemzygosit) for DCC in squamous cancer 
Franco Maria lieechia -lack I), Kcciic. Ph.D.. and Rarion F. Haym*. M.I) Duke I'niversity. 

Molecular action of T cell-specific RNA-hinding proteins iillriil.sk- lu early T cell development 
Aline K. Robinson M. Sue O'Dorisio. M.D.. I'li.l) Ohm Stale Iniversily Maui Campus Pediatrics 

Ni'urold;Lstonia: a defect in neural (rot different ialinri 
Soonhok (irace Won Hamilton 0. Smith. M.I) lolins Hopkins I'niversity Molecular Biology 

HXA regulatory sites for competence induct ion in Haemophilus influenzae (I'niversity of Maryland School of Medicine) 1 

Neuroscience and Physiology 

[{osc Baglulady (*olin (i. Nichols. Ph. I) Washington Iniversily Cell Hinlogy and Physiology 

Hcgulalion unite ATP sensitive K* channel in hypertrophied myocardium— implications Hir arihythmogeiiesis 
Daniel (iatlh Barbee Kric Shooter. Ph.D., and Philip Barker. Ph.D Stanford Innersiiy Neurobiology 

Palmiloylalion of pTii N(5F receptor: biochemical clianicterization antl functional consequences (Duke I'niversity Schuo] Medic i He)' 
Phillip C. Rerryhill Uarvoy S. Levin. Ph.D Iniversily t»f Maryland al Haiti more NVuntfurflrry 

Prefrontal effects nf closed head injury in children: an MHI analysis (I'niversilyof Texas Medical School at Galveston)' 
AmosO. Dare Matthew During, M.D Vale Iniversily Neurosurgery and Medicine 

Adenosine and nitric oxide as potential mediators of the changes in lilmxl flow associated with seisin's in lite ml 
Michelle Lynn Garnett William Seniple, Ph.D.. and Peter Goyer. M.D Case Western KVseive I'niversity I»s\ c hialry 

Structural and functional brain itna^i in schi/.nphieni;i 
Tom J. Guttusn Susan I'din. Ph.D Stale Cnivrsiiy of New York at Buffalo Physiology 

Can pineal ablation extend the critical perind for plasiicii\ \\\X?nopus ledum? 
Steven C. l>ano Itose Mary Boiistany. M.D Duke I'nivcrsitv Pediatries 

The role of .stihnnii!) of ATP synthase in But ten's disease 
4tinh.ee i.ve Btuee K. Kansont. M.U.. Ph.D Vale lniversit\ Neurology and i*sychintr> 

Extracellular pll and epileptiform aclhity in rat hippocatnpal slices 
Lucille Lee Cheryl Dreyfus. Ph.D limcrsiiy of Medicine and Deniistiy nf'New lerse\- Neiiroscience 

The effect of neurotrophic factors on oligodendrocyte dine nliation and fund ion Hubert Wnud .Inlinson Medical Scliuol 
Jeffre\ Leonard M. Sean Grady. M.D..and U snick E. Westnitti. M.D.. Ph.D I'nnersily _ or Washington : Neurological Surj»ery aiul Surger> 

The effecisof flu id -percussion on uxonul transport in the septal luppntampid pathway 
(infTuli K. Liang Thomas .\. Woolsey. M.D Washington I'niversity Neurosurgery 

Stimulus-evoked changes in local cerebral blood flow 
T. Christian II. Mix Fredric S. Fay. Ph.D I iiversil\ of Massachusetts at Worcester Physiology and Pharmacology 

Cellular and molecular mechanisms of feedback control nfCa J * removal in smooth muscle 
Jason M. Sehwalh ,. Lam- 1. l!on»wil7.. Ph.D Harvard C diversity Neurosurgery 

Tynisine kiiiiLs*» assay as a means of purifying a neurotrophic factor from the goldfish optic none (Vale liiiwrsily School of Medicine) 
David Keith Selig Hohcrt C. Malenka. M.D.. Ph.D I'niversity of California-San Francisco Ps\chiatr> and Physiology 

The rule of (I proteins in the induction of long-term potcnt.ation (Johns Hopkins I'niversity School of Medicine)" 
David (iriffit It Soergel Soloniuii H. Snyder. M.D lolins Hopkins I'niversit} Neiiroscienee 

Characterisation oft he promote r/enh;uucr region of neuronal nitric oxide- synthase (Cornell iirivcrsm Medical C"nlU»fic) t 
Brian L. StaiilTer Hli.ssell L MiKire. Ph.D.. and .loseph V. Cheung, M.D.. Ph.D Pennsylvania State I'niwrsity Medicine 

Cardiac myocyte Ca : ' regulation in hypertension 
Howard L- IVcsl Hradle\ T. llyiuati. M.D.. Ph.D Harvard I'niversin Nciimlog> 

Characterization of nitric oxide syut base-containing neurons; distribution and functional variahility across brain regions in the rat 

.1 nndirul school nffifialhti other fluui IhefelhnrshifnoslitKlion is imlieah J hi [loirnlhrsrs. 



Continued Awards — Second Year of Research 

Peter Alan Barton JefTre\ S. Warren. M.D I 'niversity nf Michigan-Ann .'.rlmr... 

Complement component Co minlulates the systemic tumor necrosis factor response in niurine endotnxic slun k 



..Pathology 



Continued Awards — Return to Medical Studies 

Susan A. Rardwell Hush I'ni\crsity 

Anne-Marie U. Hrilliinles Mount Sinai School of Medicine 

JclTn\ Criichfii'ld I'niversity of California -San Francisco 

Tejal K. Gandhi Harvard I niversily 

Vnlanila 1. (iarccs I'niversity of lIlinnLs at Chieaftn 

•leflreA A- (iu> I lannrd l'nivcrsil> 

Andrew C Ilechi Ihniard I niveisitj 

Fred llsieh lirmMi I niversily 

Malcolm lohn Harvard [ nivrrsity 

Daniel Kran Slanfurd I niversily 

Victoria A. Mancuso l ithersity c»f California -San Francisco 

Krcion Mavromaiis I'niwrsity nf. Michigan Ann Arlmr 

Uarbm .lill McFarland Duke I'niversity 



Margaret K. McLaughlin l'ui\crsit\ or Pcinisybania 

Uyland E. Melfurd III Washington I ni\ersity 

(it'orge I). Payne Duke I'niversity 

Melanie Aim K\an Hananl I'nhersiiy 

Hernadetle V. Smith Ohio Slap' Cni\ersit> .Mam Campus 

Stacy L Smith Harvard I njversity 

Stephanie B. Teal I 'ni\et>ily of California-San Francisco 

Amy Bet It Warren I'niversity or Michigan-Ann Arhnr 

•Jennifer Iteikcs W'illert I'nivei-siiy of California-San Francisco 

Lester Kcoki Williams l iuverMiy or Michigan Ann Arlior 

.lnlie A. Wissink Slanhud t'uiversii> 

Barbara Zylhert Stanford I'niversity 
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on the basis of their demonstrated 
ability during the research year, 
their promise for future achieve- 
ment in biomedical research, and 
their career intentions, including 
any plans for additional research 
training after completion of medical 
school. One fellow was awarded 
support for a second year of 
research, and 25 fellows and 
research scholars were selected for 
up to two years of fellowship sup- 
port while completing medical 
school. These new awards bring to 
41 the number of continued fellows 
currently supported in their studies 
toward medical degrees. 

Assessment 

As part of the coordinated series of 
grants program assessment activi- 
ties, the Institute is continuing the 
long-term tracking of the education 
and careers of the medical student 
fellows and research scholars. Of 
special interest will be the students' 
continued involvement in research 
and pursuit of further training, 
either toward the Ph.D. degree or 
in postdoctoral positions. By the 
end of the initial fellowship year, at 
least two of the 1992 fellows report- 
ed plans to pursue a Ph.D. degree 
in addition to the MI), degree, as a 
result of the fellowship experience. 
Others intend to pursue postdoctor- 
al research training after complet- 
ing medical school and postgradu- 
ate clinical train 1 g. 

The Institute is interested not 
only in the career paths of its fel- 
lows, but also in the size, composi- 
tion, and activities of the national 



pool of physician-scientists. Pursuit 
of both these inU rests is described 
in the Program Assessment section 
of this report. 



Postdoctoral Research 
Fellowships for Physicians 

The pace of fundamental discover- 
ies emerging from biomedical 
research has been remarkable in 
recent years, yielding significant 
new understanding of basic biologi- 
cal processes and disease mecha- 
nisms. To reap the full benefit of f 
this knowledge, now and in the 
future, it is vital that physicians 
remain involved in fundamental 
research (Figure 15). 

The HHMI program of Postdoc- 
toral Research Fellowships for 
Physicians is designed to help 
increase the supply of well-trained 
physician-scientists. The awards, 
first made in 1990, are intended for 
physician-scientists who are seek- 
ing additional research training 
with a view to becoming indepen- 
dent investigators. 

The research fellowships comple- 
ment the 2,600 postdoctoral appoint- 
ments for M.D.'s made possible 
through NIH programs (Figure 16). 
The HHMI fellowship program 
should help increase the supply of 
well-trained physician-scientists 
highly competitive for NIH career 
development awards, research proj- 
ect grants, and similar private and 
public sector support. 

A physician who has completed 
at least two years of postgraduate 
clinical training and less than two 
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NIH Research Projects, 1983-1992 

Competing Applications 



Number of applications 
20,000 




Competing Awards 

Number of awards 
8,000 




1983 1984 1985 1986 1987 1988 1989 1900 1991 1992 



■ M.RandM.DyPh.D. ■ Tbtal 

Mote: Research Projects include Research Project Acards (HQ I), Nno Investigator Research Awards, FIRST 
Awards, Outstanding Investigator Grants, MERIT Awards, Sinalt Business Innovation Research Grants, 
Research Program Project Awards (PO I), Hazardous Substance Basic Research Grants, U ^.-Japan Cooperative 
Medical Science Program Auurds, and Research Projects Cooperation Agreements. 

Source: National Institutes of Health, Division of Research Grants. Annlysis by Carol Bleakley J993. 
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Figure 16 

NIH-Supported Advanced Research Training Awards, 
1983-1992 

Postdoctoral Appointments 

Number of appointments 
4,000 




Career Development Awards 

Number of individual awards 
1,200 




1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 



■ M.D. and M.D./PhD, ■ Ph.D. 

Mote: About 15 percent of the postdoctoral appointments for M.D. fc and 40 percent of those for Ph. I), 's aiv th rough 
individual aicards. The remaining appointments are made through institutional awards. 

Source: National Institutes of Health, A7/7 ' i Book 1993, BetM-sda, Maryland: National Institutes of Health. 
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years of postdoctoral training in 
fundamental research is eligible to 
apply for the fellowship, which pro- 
vides support for three years of 
full-time research training in a labo- 
ratory of the applicant's choice. Sup- 
port is provided for fundamental 
research directed toward an under- 
standing of basic biological process- 
es and disease mechanisms, espe- 
cially in the areas of the Institute's 
research program. Awards are 
made to applicants who have 
demonstrated superior scholarship 
and show the greatest promise for 
achievement in biomedical re- 
search. Those who elect to work in 
HHMI laboratories are appointed as 
HHMI associates. 

Physician postdoctoral fellow- 
ship applications are evaluated by a 
panel of distinguished biomedical 
scientists from universities and 
medical centers throughout the 
United States. In 1993 more than 
200 applications were considered. 
On the basis of the panel's review, 
the Institute named 25 physician 
postdoctoral fellows and 6 HHMI 
associates to receive their research 
training under the guidance of men- 
tors at 13 universities, research 
institutes, and hospitals (Figures 17 
and 18). 

The Institute plans to award 
about 25 three-year fellowships 
annually, based on an international 
competition. Awards will be made 
on the basis of the applicants ability 
and promise and the quality of 
research training to be obtained 
through this program. At present, 
there are 85 physician postdoctoral 
fellows at 39 institutions who are 



Figure 17 



Postdoctoral Research Fellowships for 
Physicians, Program and Award Highlights 



Fellowship Terms 

■ 25 awards annually 

■ 3 years of support 

■ $62,000-$77,000 annually 

$35,000-855,000 stipend 

$15,000 research 
allowance 

$12,000 institutional 
allowance 

Eligibility 

■ M.D.,M.D./Ph.D., D.O., 
M.B.B.S., or equivalent 
degree 

■ Full-time fundamental 
research (basic biological 
processes and disease 
mechanisms) 

■ Any academic or nonprofit 
research institution 

■ No enrollment, in a gradu- 
ate degree program 

■ No faculty appointment 

■ At the start of the fellowship 

at least 2 years of post- 
graduate clinical training 
no more than 2 years of 
postdoctoral research 
training 

no more than 10 years 
since first medical degree 



1993 Awards 

■Total number: 31 

6 women and 25 men 

23 U.S. citizens and 
8 foreign citizens 

8M.D.'sand 23 

M.DTPh.D.'s 

1 minority underrepre- 

sented in the sciences 

■ Fellowship institutions: 13 

All Current Physician 
Postdoctoral Fellows* 

■ Total number: 85 

22 women and 63 men 

69 U.S. citizens and 
16 foreign citizens 

36 M.D.'sand 
49 M.D./Ph.D.'s 

4 minorities underrepre- 
sented in the sciences 

■ Fellowship institutions: 39 

■ Distribution by field 

26 cell biology and 
regulation 

22 genetics 

20 immunology 

14 neuroscience and 
physiology 

3 structural biology 



'Awardces who select mentors at HHMI laboratories are appointed as 
HHMI associates. Of the 31 new awardces, 6 arc HHMI associates ami 25 
are fellows. No awardees appointed as associates are included in the fol- 
lowing data. 
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Fellowships for Physicians, Educational Origins of 1993 Awardees 



Postdoctoral Research 

Medical Schools 

Baylor College of Medicine 

Goteborg University (Sweden) 

Harvard University, 5 

Javeriana University Medical 
School (Colombia) 

Johns Hopkins University 

McGill University (Canada) 

Medical University of South 
Carolina 

Stanford University 

Strasbourg University of 
Medicine (France) 

Tufts University 

University College London 
(United Kingdom) 

University of Bonn (Germany) 

University of California- 
Los Angeles 

University ofralifornia- 
San Diego, 2 

University of California- 
San Francisco 

University of Melbourne 
(Australia) 

University of Michigan- 
Ann Arbor 

University of North Carolina at 
Chapel Hill 

University of Oxford 
(United Kingdom) 

University of Rochester 

University of Washington 

Vanderbilt University 

Washington University, 2 

Yale University, 2 



Graduate Schools (for 
M.D./Ph.D.'s) 

Baylor College of Medicine 
East Carolina University 
Goteberg University (Sweden) 
Harvard University, 4 
Johns Hopkins University 

Medical University of South 
Carolina 

Stanford University 

Strasbourg University of Science 
(France) 

Tufts University 

University of Basel (Switzerland) 

University of California- 
San Diego, 2 

University of Cambridge 
(United Kingdom) 2 

University of Melbourne 
(Australia) 

University of Washington 
Vanderbilt University 
Washington University, 2 
Yale University 

Undergraduate 
Institutions 

Albany College of Pharmacy of 
Union University 

Brandeis University 
Brogardsskolan Gymnasium 
(Sweden) 

Colegio Nueva Granada 
(Colombia) 

College of Charleston 

Davidson College 

Emory University 

Harvard University, 6 

Haverford College 

Lafayette College 

Massachusetts Institute of 
Technology, 2 

Princeton University- 



State University of New York at 
Potsdam 

Strasbourg University of Science 
(France) 

University of California- 
San Diego 

University of Cambridge 
(United Kingdom) 2 

University of Melbourne 
(Australia) 

University of Michigan- 
Ann Arbor 

University of Wisconsin- 
Madison, 2 

Washington University 
Yale University, 2 

High Schools 

California 

Fairfax, Los Angeles 
Nicolet, Glendale 
University, Los Angeles 
Connecticut 
Stamford, Stamford 
Georgia 

Briarcliff, Atlanta 
Massachusetts 
Belmont, Belmont 
Brockton, Brockton 
Phillips Academy, Andover 
Michigan 
West Bloomfiekl, 
West Bloomfield 

Missouri 

Wentzville R-4, Wentzville 
New Jersey 
Ridgewood, Ridgewood 
Summit, Summit 
New York 

Cardozo, New York City 
Cicero, Cicero 
George W. Hewlett, Hewlett 
Locust Valley, Locust Valley 
Mechanicville, Mechanicville 



Ohio 

Wyoming, Wyoming 
Oregon 

Wilson, Portland 
Pennsylvania 

Mount Lebanon, Mount Lebanon 
South Carolina 
Spring Valley, Columbia 
Texas 

Westchester, Houston 
Wisconsin 
Ondossagon, Ashland 
Outside the United States 
Australia, Luther College, 
Melbourne 

Belgium, Verviers, Verviers 

Colombia, Nueva Granada, 
Bogota 

France, Kleber College, 
Strasbourg 

Germany, 

G eschwiste r-School -Gymnasi u m, 
Daun 

Sweden, Brogardsskolan 
Gymnasium, Kristinehamn 

United Kingdom, St. Joseph's 
College, Bradford 

United Kingdom, Orange Hill, 
London 
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Postdoctoral Research Fellowships for Physicians, 
All Current Fellowship Institutions 



Albert Einstein College of 
Medicine 

Brighani and Women's Hospital 

Case Western Reserve University 

Children's Hospital, Boston 

Childrens Hospital Los Angeles 

Dana-Farber Cancer Institute 

Dartmouth College 

Duke University Medical Center 

Fred Hutchinson Cancer Research Center 

Harvard Medical School 

Harvard University 

J. David Gladstone Institutes 

Johns Hopkins Universii School of 
Medicine 

Julius Maximilians University (Germany) 

Massachusetts General Hospital 

Max Planck Institute for 
Experimental Medicine (Germany) 

National Institutes of Health 

National Jewish Center for Immunology 
and Respiratory Medicine 

New York University Medical Center 

Northern California Institute for 
Research and Education 

Northwestern University 



Rockefeller University 

Salk Institute '. .■ Biological Studies 

Scripps Reseau h Institute 

Stanford University School of Medicine 

State University of New York at Buffalo 

State University of New York at Stony 
Brook 

University of California- 
San Francisco 
University of Chicago 

University of Colorado Health Sciences 
Center 

University of Houston 

University of Massachusetts Medical 

Center 

University of North Carolina at Chapel 
Hill 

University of Pennsylvania 

University of Washington 

Vanderbilt University School of Medicine 

Washington University 

Whitehead Institute for Biomedical 
Research 

Yale University School of Medicine 



being supported through the grants 
program, at an annual cost of about 
$6 million (Figure 19). 

Thirteen of the physician post- 
doctoral fellows in the second or 
third year of their fellowship term 
participated in the 1993 Meeting of 
Predoetoral and Physician Postdoc- 
toral Fellows (see Figure 7), held at 
the Institute headquarters in Chevy 
Chase. These physician-scientists 
presented the results of their fellow- 
ship research and discussed their 
work with predoetoral fellows, Insti- 
tute staff, and invited guests. Addi- 



tional fellowship accomplishments 
were reported to the Institute in the 
fellows' annual progress reports. In 
the past year the fellows attended 
63 regional, national, and interna- 
tional scientific meetings, present- 
ing 29 posters and 23 talks. They 
published 46 journal articles, 6 
chapters of books, and 47 abstracts. 

Among its program assessment 
activities, HHMI will continue to 
monitor the national participation of 
M.D.'s and M.D./Ph.D/s in 
research and to track the careers of 
former Institute physician postdoc- 
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Postdoctoral Research Fellowships for Physicians, 1993 Awardees 



Name 

Cell Biology and Regulation 



Research Mem or 



hVllmi-sliip I iisin ii tin 1 1 



i)«*p:iri me in 



Children's Hosuital-Hostoii Surgery 

.Whitehead Institute for Biomedical Research* 

.DanaFarher Cancer lustiuiie Pathology 



..Ihologieal Chemistry and 
Molecular Pharmacology 
Internal Mcdii-inc 



..l)crni;ili>lu(0 



lack Leonard Arhiser. M.D.. Ph.!) M .ludali Kflkniiin. M.D 

Regulation of hasie filmdda-si growth hiii or expression and secretion in cutaneous sv stems 

Stephen Charles Hlaeklnvv. M.D.. IMi.l) Peter S. Kim. Ph.D : 

Thermodynamics and kinetics nf l>Zip dimerixation 

David I), (hang. M.D.. V\\.\) Timothy A. Springer, I'll. I) 

Regulation ufeell adhesion 

1'hilip Arthur ( dI<>. M l).. I'h.l) Christopher'!'. Walsh. I'll. I) Harvard Medical Sc-hmil 

Catalytic mi-clianism of lymphoid cell kimiM- 

Dennis P. Kiii ik. M.D.. Ph. I) Krie.I. Knmii. M.I) Wellington I'niversiiv School of Mcdieiue 

Interactions hetweoti intcftrmsniid llioevinskvlcioii in tells iifihi 1 ininniiu- system 

Uedec Frances Murrell, M.I) Pamela Cimln. Ph. I) XYu Vurk I'niversiiy Medical Center 

Desmogleiu diversitv in cell adhesion and pemphigus loliacctis 

Menu S»xolovsky. M.I) Harvey K. Lodisli, Ph.D Whitehead Institute Cur Biomedical Research 

Molecular analysis of the eviuphiMiiic domain of the murine erythropoietin receptor 

Genetics 

Gerald Frank Cox. M.D., I'h.D lands M. Kunkel. Ph.D Children's llospilal-ltostiuC (ienetics 

Charaet erizatum or DltlMi. a iievvmeiulier of a no\el class or proteins with hnnioUiRies l<i the triple repeat nnuir or dystrophin 

Stmt Charles Kogan. M.I) I. Michael Bishop. M.I) I 'niversiiy of California-Sail Francisco CAY. Hooper Ueseareh Foundation 

A transgenic amuse model of prmmchK-yiic leukemia 

Roinhold Hugo Krculz. M.D Klaus Lindpaiuliior. M.I)., and Children's llospital-lloston Canliolugv 

Hcrnarrlu XadaUiinanl. M.l ).. Ph.D. 
Molecular genetics of primary hypertension in the rat 

Xils fiorait Larssun.M.D . Ph.D David A. Cla\lnu. Ph.D Stanford I'mvmilySi hool of Medicine Developmental Hinlugy 

The effect of regulating the expression ufnitTKA in human and \cast colls 

Jeffrev Klj RuhuilZ.M.I)..I , h.l) Michael L. (lean-. M.l) Stanford I 'uivcrsily School of Medicine Pathology 

Mouse models of i (J I: DO leukemia 

Michael Joseph Thirman. M.l) hmet I). Rnwlev. M.l).. and M. Celesir Simon. I'h.l) Iimorsiu of Chicago Medicine and Molecular (■eiiclicsaud 

Developmental and He ne tic analysis id" lite murine homologue of MIX in lienialo|iniesis (VII Biology 



Immunology and Microbiology 

Chan It. Deals. M.D.. I»h l) Dan Ii. Ullinmi, M.D. Ph.!) 

Kffecisof ihelllN' l nef pnuein on i he iim-rai iiou nf CD-I andgpltiu 
Kernaiidn Daugotid. M.D David II. Haner. M.D 

Role of i lie p2 IU protein in HTLVl-inducedTcell proliferation 
Lmra Marsha Demher. M.D hud .). Anderson. M.D.. I'h.l) 

Functional analvsis of nueleolysin T1A-1 
SaiuTx.eri.vuc Hwang. M.M.. Ph.D Steven Rosen. Ph.D 

Cloning and characlmfcitioii of dermal endothelial ligand for t.-sclectin 
Graham .luhn l.iesehke, M.H.B.S.. 

tt.Med.Sr.. PRACP Richard C. Mulligan. Ph.D 

I se of go neiically mudifieil tumor cells in augment antiltiuior iiumuuily 
Steven Bnaut Purler. M.l).. I'h.l) Uar> K. Schoolnik. M.D 

The invasi u fie ho n\.\fitmlnictrri»in tttlwrcnhxis and its rule in macrophage out n 
William M. Ridgwny. M.D ('. Garrison Futhmaii. M.l) 

Kxploring mechanisms of therapy of aut ohm iniiie encephalomyelitis 
Marc Elliot Rolhenhcrg. M.l).. Ph.D Philip Leder. M.l) 

The rule of eosinophils in tumor killing 
Eric Joseph Huhin. M.l).. I'h.l) .fnlin .1. Mokalam.s. Ph.ll 

Virulence doterniiiuiiits in mycobacteria 
Harry I'aul Sleckmaa. M.D.. Ph.D Frederick Ah. Ph.D 

Hernial ion of TCK and I g go ne V in |).l rearrangement 
Naomi Taylor, M.D.. Ph.D Bartholomew M. Selion. I'h.l) 

Trans format ion of T cells hy ovo regression of the Irk oncogene 

Neuroscienee and Physiology 

Phyllis Lynn Faust. M.D.. Ph.D Mary K. Ilatleti. Ph.D 

Defects in granule cell neurogenesis \v human modullohlaMoiua formation 
Lawrence .1. Ilauvard. M.D., Ph.D Itohert II. Hrmvn. dr., N> . D.Phil 

K' induced iiiiiiairment ofXa' cliainu'l inactivalion in \v . iodic |walysi> 
Emily Kun mo Kim, M.l) Drian Seed. Ph.ll 

CliHiiiifl ;i swvelness recept(»r 
Sylvain l.ehuiann. M I).. I'h.D David A. Harris. M.D.. Ph.l t 

Proccs.siujiof normal and iimi.int nuiiiiiualian pri*»n proteins and their role in t ell adhesion 
dames A.Mjisirianni. M.D.. I'h.l) Stan lev 15. Pnismer. M.|).„ 

Molecular charactcrizat ion of the phenotypic presentations of prion disease 
David Henr\' Rmvitch. M.l) . Ph.D Andrew P. McMalmn. Pli.D 

Regulation of Wnt- 1 Uene expression iniiioiise hrain develupment 



Structural Biology 

Richard II. Peiers. M.l).. Ph.D Michael A. Weiss. M.D.. Ph.D 

Slmciural NMR studies ohrans«Ti|ition factor II S 

'Ihunrd Ifnffitrs Mrdiml Imtilutr 



..I niversilv of ( aliforuia-Saii Francisco" Microbiology and lmniunulo(0 

..lirigham and Women's Hospital Neurologic Diseases 

..Dana Farber Cancer Institute Tumor Immunology 

..I niversitv of California-San Francisco Anatomy 

...Whitehead Institute for Biomedical Research 



...Stanford IniversityScluKd ofMeilicine" hifeciioiis Diseases and 

(leiigniphic Medic ine 

...Sianford rniversitySchiKd nf Metlieine Medicine 

...Harvard Medical School' (ienetics 

...Ma.ssachiisclis (leneral Hospital Mirmhiolugv and Molecular Genetics 

...Children's Hospital-Bosun^ Ceuotir.*. 

...Salk Inslimie for Ihologiral Sliuties 



..Rockefeller Cniversity 

..Massaeluisetl.sdencral Hospital Nenrohtgv 

...MjLSsacluisetis (leueral Ihispilal Molecular Hiolo&- 

.AVashiiigtini Cniv ersily School of Medicine Cell Hitdog> ami Physiology 

...I'niversityof Califoniia-San Francisco Neurology 

..Children's Hospital-Bo^ou Cellular and Developmental Hi(dng> 



..Harvard Medical School Riolngical Chemist n and 

Molecular Pharmacology 
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toral fellows, including their faculty 
appointments and receipt of 
research grants. (See Program 
Assessment.) 



Research Resources 

The Research Resources program 
provides support to research and 
educational organizations serving 
as unique national resource labora- 
tories and teaching facilities. Includ- 
ed are organizations that provide 
biological stocks and materials for 
the biomedical research community. 

One new grant was awarded in 
1993, and three grants from prior 
years continue to support research 
resources activities: 

■ Jackson Laboratory 
Bar Harbor, Maine 

■ Cold Spring Harbor Laboratory 
Cold Spring Harbor, New York 

■ Marine Biological 'laboratory 
Woods Hole, Massachusetts 

■ Human Genome Organisation 
Bethescla, Maryland 

Jackson Laboratory 

A three-year grant in the amount of 
$1.2 million was awarded to the 
Jackson Laboratory in 1993 for sup- 
port of its Induced Mutant 
Resource. This service imports, pre- 
serves, maintains, and distributes 
mice that have been altered geneti- 
cally. The grant provides funds for 
equipment, personnel, supplies, and 
other operating costs for collecting 
genetically altered mice of impor- 
tance to biomedical research, espe- 
cially those produced by gene tar- 
geting or gene transfer techniques 



(Figure 20). The mice are produced 
in research laboratories worldwide, 
and the Jackson Laboratory devel- 
ops and preserves them for distribu- 
tion at modest cost to the interna- 
tional research community. 

The Laboratory is the premier 
world resource for special strains of 
inbred mice with genetic defects 
and for mice of established genetic 
background that have been 
endowed with specific mutations. 
Such mice are uniquely valuable as 
models for human disease and the 
study of fundamental biological 
processes. The Laboratory is 
renowned for providing stocks of 
known genetic background and free 
from extraneous diseases and infec- 
tions. 

Through HHMI's support of the 
Laboratory's central resource, the 
initial developer of a mutant strain 
will be relieved of the time- 
consuming and costly task of mak- 
ing it available to other researchers. 
The central resource will also make 
special lines of mice widely avail- 
able so that investigators with simi- 
lar research interests need not 

Figure 20 



Jackson Laboratory, 
Induced Mutant Resource 



Mutant Mouse 
Strains 

■ Models for human genetic 
diseases or basic biological 
processes 

■ Produced by gene target- 
ing, gene transfer, or chem- 
ical mutagenesis 



Resource Sendees 

■ Importation 

■ Preservation 

■ Maintenance 

■ Distribution 
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develop mutants independently. In 
addition, the central resource will 
preserve especially valuable mutant 
strains, through frozen embryos or 
other means. 

Cold Spring Harbor Laboratory 

A four-year grant in the amount of 
$1 million was awarded to the Cold 
Spring Harbor Laboratory in 1991 
for support of its expanded program 
of postgraduate courses. The post- 
graduate program has been one of 
enduring quality and scope, known 
worldwide. This award continues 

Figure 21 

Cold Spring Harbor Laboratory, 

Courses Supported by the Howard Hughes 

Medical Institute 

Summer 1992 

■ Advanced Drosopltila Genetics 

■ Imaging Structure and Function in the Nervous System 

■ Molecular Approaches to Ion Channel Function and Expression 

■ Molecular Cloning of Neural Genes 

Fall 1992 

■ Macromolecular Crystallography 

■ Molecular Genetics, Cell Biclogy and Cell Cycle of Fission Yeast 

Summer 1993 

■ Developmental Neurobiology 

■ Human Functional Neuroimaging 

■ Imaging Structure and Function in the Nervous System 

■ Molecular Approaches to Ion Channel Expression and Function 

■ Structure, Function and Development of the Visual System 



support provided in an earlier grant 
so that courses could be added in 
molecular genetics, neurobiology, 
and structural biology, thus extend- 
ing the summer program and 
adding two week courses in the 
spring and fall. The new grant pro- 
vides funds for equipment and sup- 
plies, instructors and guest lectur- 
ers, scholarships for students, and 
support personnel. 

The Laboratory is a world center 
for biological research and training, 
especially in the genetics of 
humans, plants, and bacteria. It 
serves as an international school- 
house for modern biology, annually 
hosting major conferences, semi- 
nars, workshops, and courses. Par- 
ticipants include precollege stu- 
dents and teachers, undergradu- 
ates, graduate students, postdoctor- 
al fellows, and established scientists 
at major universities and research 
centers. 

The new Hughes Teaching Labo- 
ratories, an integral part of the 
neuroscience teaching and research 
facility, was constructed with Insti- 
tute support. In the summer of 
1991, the facility was first used for 
three courses: Molecular Embryolo- 
gy of the Mouse, Advanced Molecu- 
lar Cloning, and Molecular Cloning 
of Neural Genes. Two courses were 
added the following year: Molecular 
Approaches to Ion Channel Expres- 
sion and Function, and Imaging 
Structure and Function in the Ner- 
vous System. 

The six Institute-supported 
courses for 1992 (Figure 21) accept- 
ed 95 participants from 235 appli- 
cants. The participants, including 42 
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who were awarded partial scholar- 
ships, came from the United Slates 
and abroad — Australia, Canada, 
Denmark, Finland, France, Ger- 
many, India, Israel, Norway, Spain, 
Sweden, and the United Kingdom. 

Marine Biological Laboratory 

A grant of $4 million awarded to the 
Marine Biological Laboratory in 
1988 will continue supporting edu- 
cation and training programs for a 
total of seven years. The Laboratory 
has served as a center for research 
and teaching in basic biology since 
1888. Each summer, investigators 
and advanced students come to 
work and study, using marine 
organisms from the surrounding 
waters. Educational and research 
programs are closely intertwined. 
The Marine Biological Laboratory/ 
Woods Hole Oceanographic Insti- 
tute (MBL/WHOI) Library, which 
supports the education and 
research programs with 24-hour 
access, is one of the world s most 
comprehensive repositories of bio- 
medical and marine biological infor- 
mation. 

The grant provides $3 million for 
courses in embryology, microbiol- 
ogy, neuroscience, and physiology. 
In the summer of 1992, it helped to 
support seven courses (Figure 22). 
The 203 participants were selected 
from almost 450 applicants, includ- 
ing graduate students, postdoctoral 
fellows, and faculty members of uni- 
versities and research institutions in 
the United States and abroad — Aus- 
tralia, Bulgaria, Canada, Denmark, 
France, Germany, Israel, Italy, 



Figure 22 

Marine Biological Laboratory, 

Courses Supported by the Howard Hughes 

Medical Institute 

■ Embryology: Cell Differentiation and Gene Expression in Early 
Development ' 

■ Methods in Computational Neuroscience 

■ Microbial Diversity 

■ Molecular Evolution 
■Neural Systems and Behavior 

■ Neurobiology 

■ Physiology: Cell and Molecular Biology 

Kenya, Japan. Mexico, , a oubIic of 
the Congo, Russia, Switzerland, 
United Kingdom, and Yugoslavia. 

The grant also provides $1 mil- 
lion to support program develop- 
ment at the MBL/WHOI Library. 
Emphasis has been on electronic 
information storage, retrieval, and 
management to support scientific 
research and education, (/rant-sup- 
ported activities have included 
establishing a linked network 
among the research facilities of the 
Marine Biological Laboratory and 
Woods Hole Oceanographic Insti- 
tute and their classroom and labora- 
tory teaching facilities; purchasing 
computer hardware and software 
applications, including those used 
for nucleic acid and protein 
sequence analyses: and establishing 
a formal consulting, problem-solv- 
ing, and education program. 
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Figure 23 



Human Genome Organisation, 
Americas Office Activities 

■ Chromosome Workshops 

Chromosomes 2, 3, 4, 6, 7, 
8, 9,11,12,13,14,17, 
18, 20, 21 ,22, and X. 

■ Intellectual Property and Ethics Issues Meetings 



Human Genome Organisation 

In 1990 the Human Genome Organ- 
isation (HUGO) received a four- 
year award of $1 million for the pro- 
gram and operations of its Americas 
Office and related international 
activities. These operations include 
meetings of the HUGO Council, 
committee workshops, and a scien- 
tist exchange program. HUGO 
serves as a coordinating body for 
the international human genome 
project. 



Further. HUGO is an internation- 
al clearinghouse for information on 
the DNA base sequences and the 
genetic and physical mapping of 
human chromosomes. It promotes 
collaboration among scientists in 
the exchange of data, samples, and 
technology relevant to genome 
research, and fosters studies of 
model organisms (such as the 
mouse) to parallel those on the 
human genome. HUGO plans to 
establish international training pro- 
grams on methodology and to 
encourage public debate on the eth- 
icai, legal, and other societal 
impacts of the human genome proj- 
ect. 

In the past year the HUGO 
Americas Office participated in 
workshops on 17 chromosomes 
(Figure 23) and in meetings related 
to issues of in i Actual property and 
ethics. 
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Undergraduate Science Education 



In 1993 the Institute continued its 
support of programs at colleges and 
universities to enhance undergradu- 
ate science teaching and learning. 
Through its Undergraduate Biologi- 
cal Sciences Education Program, 
the Institute provides grants to 
strengthen undergraduate educa- 
tion in the biological sciences and in 
chemistry, physics, and mathemat- 
ics as they relate to biology. A prin- 
cipal objective of the program is to 
assist institutions in their efforts to 
provide students with exciting 
opportunities in the sciences, there- 
by stimulating an interest in 
research and, possibly, in science 
and teaching careers. 

One of the areas supported 
under the program is student 
research, in which undergraduates, 
including women and members of 
minority groups underrepresented 
in the sciences, may experience sci- 
ence first-hand during the summer 
or academic year in laboratories on 
or off campus. 

Major support is also awarded 
for equipment and laboratory devel- 
opment, which enables institutions 
to modernize laboratories, expand 
areas of instruction in contempo- 
rary biology, and integrate the 
teaching of biology with that of 
chemistry, physics, mathematics, 
and other relevant fields. In addi- 
tion, the program supports initia- 
tives that link colleges and universi- 
ties with ~ 1o mentary and secondary 
schools, community colleges, and 
other four-year institutions and pro- 
vide teachers and students with 
exposure to modem biology. 



Undergraduate Program 
Directors Meetings 

The Institute organizes and spon- 
sors annual meetings of the direc- 
tors of the undergraduate programs 
it supports. These meetings are part 
of the Institute's ongoing program 
assessment. They enable program 
directors from a wide range of insti- 
tutions to present and discuss their 
programs, to demonstrate educa- 
tional technology and techniques 
developed through the grants, and 
to exchange laboratory manuals, 
outlines, and other materials. For 
the Institute as well as the program 
directors, the meetings provide 
valuable insight into the challenges 
faced in implementing these pro- 
grams and into how the programs 
have been modified in response to 
the challenges. The proceedings of 
the meetings, along with profiles of 
Institute-supported initiatives, are 
published and distributed nationally. 

The 1992 and 1993 meetings 
brought together program directors 
from institutions that received 
awards in the 1988-1989 and 1991- 

1992 grants competitions, respec- 
tively. Additional meetings are 
planned for directors from the 1993 
awardee institutions and from other 
competitions. 

1993 Meeting 

The 1993 program directors meet- 
ing focused on institutional strate- 
gies for enhancing undergraduate 
science teaching and learning g- 
ure 24). Topics included ways in 
which HHMl-funded activilies are 
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augmenting institutional and depart- 
mental efforts to strengthen under- 
graduate science teaching and to 
offer students, particularly women 
and members of underrepresented 
minorities, high-quality training in 
biology and other sciences. There 
were demonstrations of interactive 
computer software for biology edu- 
cation, video presentations, and 
techniques used in undergraduate 
and precollege outreach programs. 
A report of the meeting, bxstitution- 
al Strategies for Enhancing Under- 
graduate Science Education, was 
published in early 1994. 



1992 Meeting 

The theme of the Institute's second 
program directors meeting, held in 
1992, was undergraduate research 
and curriculum and laboratory 
development. A report of the meet- 
ing was published in early 1993. 
Entitled Enriching the Undergradu- 
ate Laboratory Experience, it sum- 
marizes eacn presentation and key 
issues emerging in the discussions. 

One of the issues raised by the 
program directors concerned the 
role of laboratory research in under- 
graduate science education, both as 
an independent student activity, 



Figure 24 



1993 Meeting of Undergraduate Program Directors 



Program Synopsis 



Howard Hughes Medical Insliiulc 
Office »f Grants and Special Programs 

MM Annual I'mgram Oir<.viiH>M(ftin& 
Instiiutbiiiil Siruicgk-s fur Enhancing 
riidivgradcaii- Sriemv Education 



VonrlA>. IklotM-r I. 



*«.».* k mm. iiih K-l..nt,.n v, 
Niniu. I U.tril. I imiTxih ,il .\m a .n 



•■ Hat.il ^.Jhlli. nil'* 



Torwla). October 3, IW3 



Polk In. Cattunr. ind Tridilloo. [MrlopinX Slr«t*i*lw for Knhurfflj* Ur Education*] 
Kxprrirnf of Amrriran Indian StiKtrnln 

nUOi.,ii ; .iM.i!. l niv.rs4l\ — \Un k H.uk. r .in.l \Kr.i U.-xjii.f.-r 

(•roup I— Artrsr, In Scirnrr Kdurailon OppanonlliM Tor Stnrfent* from Tririii Jlj 

I ndf CTf prrvnlrd (imp*. 

i alititmu VJUr I m\ir\m-h« W«Vv— -Urn MiulilmAi .mil VLir^.tri I li IL rs<.'i 

droop 2— <oi«ininJnx ui Imrrdlvlplitiu} Major In Rlorhr-flktr) ind MolrrnlaJ Blolo©- 



(•Mtip 3 — Knhannwnt of Rinlofc Curricula ThneKk four* ud Kamlt) Itovlopmtnl mid 
Hi*h School Unrt-twol 

^■•liiiuH <JI«-jfr' • I'.MinLi I i,un:. r Mimh ^nct J.uin IViniu. 

(ironp 4— Th* Inu-graMon of ( hrmkir>. Oil Hlolotfc. GrortJr*. and Ptsj^oIoO in the 
laoVnC-Adaalf Carrimlnm 

I nn. r»it\ r.l S,,if. iLiui. .J..lmi. Ii.h:,.iii u-.l tf.ri„-ii I m h- 



VUoaliiatlonorCoacfpLi InSlnrtnril Bloloj-y: aad Utr> 1'aJr.rrh Initiator In lYrrolirjtf 

\ jhVmuliWit-ir--.il c\ JWIil Il;..rhmn .ind I. m JW 



Program Synopsis 



tlcmarrl Hughes Mrdirai Inslitutc 4 
Office (if Grants and Special Programs 

IflM Annual Prugram Direrinrs Men iiifc 
Inslitiiiinnal Sirau^ies for Enhancing 
I'ndlfrRradualp Scicnrp Education 



N>w W»>» of Trarhing Chcaihlrj and Blolo© ■( librm! Arm Collntr*: ihr> Port Lrw1< 
CoUefr Kiperirac* 

lull IraiM hIU-ki- — WilliJin K. ILtnti-II «inl eiW.iuNmiin. 



Group 1— IfYOQ Build II Thry Wll Gonr: Tkr Holy Crcm 

I . >!!■■,:. ofih. lMk 1 h.K^hr.Hil.V.lUii.ijnd Man U.uii.n 

Group 2 — Itarloplna Innmmtlvr TrMhinK tod LeArnta* MraifflM for Sxrwa U Sri mm* 
and MtlhrMtifn Throurfh Mod*™ TXaaolofty 

I ivk I nmTNiv— \l.in J. MfKi-Ki-v jml K-vi-ii MjUjii 

(iroop 3 — TfcMnj! M\MUjfP oT Student Wvfnil) io InprovinK Uw HiolofiriJ Sdrnmat tXr 
) n hrruty of C&llfornlB-r>rt^k> 

I iiiv.Tvil) "IV-ilitiima-IU-rkrU-x— lor«-k ln»H(iM.in .in<K .ir»Uiu- k.l»r 

Kroup 4 — Ge««rJn« u ■ SprinKboard to Kfapwh: Brosdnlnf the CoMmunily of Lfunrn 

V\j»hini!t.ml imrran — s.ira)t t k I \gin .mid J<wph .Vkrniuti 

Pwl Ww*dot» *ltk Tnplr Ij-boVpi ( Uaii R HatW.t P.im.-U J Hj-rkm«i William K KirttHl ) 



9 

:RIC 



BEST COPY AVAILABLE 5" 



Granls for Science Education, 11)94 



usually during the summer, and as 
an integral part of the introductory 
and upper-division curriculum. 
There was general agreement that 
students, both science majors and 
others, respond positively to sci- 
ence when they can learn it in a lab- 
oratory setting by designing and 
performing experiments, testing 
hypotheses, and analyzing results. 
The program directors discussed 
curricula that serve to attract and 
retain students, including women 
and members of minorities under- 
represented in science. Major top- 
ics of discussion were allocation of 
increasingly scarce resources to 
strengthen science curricula at all 
levels and strategies to integrate the 
teaching of biology with that of 
chemistry, physics, mathematics, 
and other relevant disciplines. 

In one of the plenary sessions, 
program directors from Bryn Mawr 
College and neighboring Haverford 
College described their efforts to 
develop interdisciplinary bioscience 
programs using the scientific 
resources of both institutions. 
Judith Shapiro, Provost, and Paul 
Grobstein, Eleanor A. Bliss Profes- 
sor of Biology, from Bryn Mawr, 
and Judith Owen, Chair and Profes- 
sor of Biology, and Slavica Matacic, 
Professor of Biology, from Haver- 
ford, discussed the development of 
programs and courses available to 
students from both colleges in such 
areas as biochemistry, biophysics, 
and neuroscience. The program 
directors and their faculty col- 
leagues noted that enhancements in 
the curriculum, through new faculty 
appointments, equipment acquisi- 



tions, and laboratory development, 
have helped lo strengthen other 
aspects of their programs, including 
student research and outreach to 
teachers and students. 

At Case Western Reserve Univer- 
sity, the involvement of faculty 
members from a wide range of 
fields and academic departments 
has been a key to the development 
of interdisciplinary science curricu- 
la. Norman Rushforth, Chair and 
Professor of the Department of Biol- 
ogy, and Hillel Chiel, Professor of 
Biology, reported on their programs 
that integrate instructional and 
research activities in the Colleges of 
Science, Mathematics, and Engi- 
neering with those in the School of 
Medicine. Some of the areas cov- 
ered are molecular and cell biology, 
organismal biology, and population 
biology. Following the presentation, 
the program directors discussed 
the issue of "supermarket" (broad- 
based) courses versus "boutique" 
Giighly specialized) courses, noting 
the importance of undergraduate 
curricula that express a variety of 
learning styles and can convey the 
excitement of scientific discovery. 

Clifton Poodry, Associate Vice 
Chancellor and Professor of Biolo- 
gy, and Jerry Feldman, Professor of 
Biology, discussed their Institute- 
supported program at the Universi- 
ty of California-Santa Cruz that 
offers, as a principal component, 
summer research opportunities for 
undergraduates. Drs. Poodry and 
Feldman reviewed aspects of the 
program, including efforts to recruit 
women and underrepresented 
minority students, pre-research lab- 
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oratory training for participating 
students, and such follow-up activi- 
ties as guest seminars by distin- 
guished researchers and opportuni- 
ties for students to present their 
research. As a group the program 
directors discussed a range of top- 
ics concerning the culture of labora- 
tory science, the benefits of labora- 
tory experience and mentoring for 
students underserved in the sci- 
ences, and the outlook for under- 
graduates who are considering 
careers in research and science 
teaching. 



Undergraduate Program 
Grants, Phase II, 1993 and 
1994 Competitions 

HHMFs 1993 and 1994 competi- 
tions mark a new phase in the 

Figure 25 



undergraduate program. In the first 
phase, the Institute provided a total 
of $175.4 million in 1988-1992 to 
181 colleges and universities for 
grants to support undergraduate 
science education (Figure 25). Insti- 
tutions were encouraged to develop 
programs that responded to their 
particular needs and strengths. 
Thus, the undergraduate program 
supports a range of activities in 
numerous scientific disciplines at 
participating institutions. Among 
these activities are student, faculty, 
and curriculum development and 
precollege and outreach programs. 

Phase II was developed, in part, 
on the basis of findings from 
HHMFs ongoing assessment of the 
undergraduate program. One such 
finding, discussed extensively by 
the program directors, has been 



Undergraduate Biological Sciences Education Program, 
Awards to 181 Colleges and Universities ($175.4 million), 
by Program Component, Phase 1, 1988-1992 Competitions 



Faculty development 
528 million (16%) 



Student research and 
broadening access 
$60 million (34%) 



Precollege and 
outreach programs 
$34 million (20510 




Curriculum development 
$63.4 million (30%) 
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the importance of undergraduate 
research as a means of attracting 
and retaining students, including 
women and members of minority 
groups underrepresented in 
science. 

At these meetings the program 
directors have also noted the impor- 
tant role colleges and universities 
can play in enriching precollege sci- 
ence education. A number of the 
presentations have focused on 
grantee-developed activities to 
provide laboratory and classroom 
training for students and teachers 
from elementary and secondary 
schools and from two- and four-year 
colleges. 

The annual progress reports sub- 
mitted by grantee colleges and 
universities arc another important 
source or background for under- 
graduate program development. 
Over the five years of the program, 
the directors have emphasized 
how grant-supported equipment 
acquisitions and laboratory develop- 
ment have enabled them to provide 
instruction in the contemporary bio- 
logical sciences and other disci- 
plines as they relate to biology. 
In addition, they point to the ener- 
gizing effect of equipment and 
laboratory enhancements on under- 
graduate research and precollege 
and outreach programs. They also 
draw attention to a critical need 
for continued support to modernize 
the undergraduate science infra- 
structure. 

The Institute has developed new 
guidelines and elements for 1998 
and 1994 programs, based on infor- 
mation collected through these 
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Undergraduate Biological Sciences 
Education, Program Elements 
and Guidolines 



1988-1992 

■ Student and faculty devel- 
opment, supporting under- 
graduate research experi- 
ences, opportunities for 
women and minority stu- 
dents underrepresented in 
the sciences, and new fac- 
ulty appointments, includ- 
ed as program elements 

■ Curriculum and laboratory 
development, supporting 
new and revised courses, 
equipment acquisitions, 
and laboratory renova- 
tions, included as program 
element 

■ Precollege and outreach 
included as program ele- 
ment 

■ Support for equipment 
and laboratory renovation 
limited to 30 percent of 
total grant amount 

■ Five-year grant period 



1993-1995 

■ Student research, includ- 
ing opportunities for 
women and minority stu- 
dents underrepresented in 
the sciences, retained as 
program element 



■ Equipment and laboratory 
development, supporting 
equipment acquisitions 
and laboratory renovations 
for undergraduate labora- 
tory courses, retained as 
program element 

■ Precollege and outreach 
retained as program ele- 
ment 

■No limitation on funding 
for equipment, and fund- 
ing for renovation limited 
to 50 percent of total grant 
amount 

■ Four-year grant period 



assessment activities (Figure 
26). Support for undergraduate 
research, including opportunities 
for women and underrepresented 
minority students, remains as a cen- 
tral component of the new under- 
graduate program. Activities to pre- 
pare students for laboratory 
research and enable them to pre- 
sent their findings will also be sup- 
ported. In addition, precollege and 
outreach programs in the sciences 
will continue to be a priority. 

Applicant institutions may now 
request up to the full grant amount 
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Undergraduate Biological Sciences Education Program, 
Invited Institutions, 1994 



Andrews University, Michigan 
Arizona State University 
Auburn University, Alabama 
Baylor University, Texas 
Boston College, Massachusetts 
Boston University, Massachusetts 
Brandeis University, 
Massachusetts 

Brigham Young University, Utah 
Brown University, Rhode Island 
California Institute of 
Technology 

Carnegie Mellon University, 
Pennsylvania 

Case Western Reserve University, 
Ohio 

Catholic University of America, 
District of Columbia 

Clark University, Massachusetts 

Clemson University, 

South Carolina 

College of William and Mary, 

Virginia 

Columbia University, New York 

Cornell University, New York 

Dartmouth College, 
New Hampshire 

Drexel University, Pennsylvania 
Duke University, North Carolina 
Emory University, Georgia 
Florida Institute of Technology 
Florida State University 
Fordham University, New York 
George Washington University, 
District of Columbia 

Georgetown University, District 
of Columbia 

Georgia Institute of Technology 
Harvard University, 
Massachusetts 

Howard University, District of 
Columbia 

Illinois Institute of Teehnnlofr* 

Indiana University at 
Bloomington 

Iowa State University 
Johns Hopkins University, 
Maryland 

Kansas State University 

Kent State University Main 
Campus, Ohio 

La Sierra University, California 
Lehigh University, Pennsylvania 



Louisiana State University and 
A&M College 

Loyola University of Chicago, 
Illinois 

Marquette University, Wisconsin 

Massachusetts Institute of 
Technology 

Miami University, Ohio 
Michigan State University 
Mississippi College 
Montana State University 
New York University 
North Carolina State University 
Northwestern University, Illinois 
The Ohio State University Main 
Campus 

Oklahoma State University Main 
Campus 

Oregon State University 
Pennsylvania State University 
Main Campus 

Polytechnic University, New York 
Princeton University, New Jersey 
Purdue University Main Campus, 
Indiana 

Rensselaer Polytechnic Institute, 
New York 

Rice University, Texas 
Rutgers the State University of 
New Jersey Newark Campus 
Rutgers the Slate University of 
New Jersey New Brunswick 
Campus 

Saint Louis University, Missouri 
Southern Illinois University at 
Carbondale 

Southern Methodist University, 
Texas 

Stanford University, California 

State University of New York at 
Albany 

State University of New York at 
Binghamton 

Stat n University of New York at 
Buffalo 

Sta*e University of New York at 
Stony Brook 

State University of New York 
College of Envh oilmen tal 
Science and Forestry 

Stevens Institute of Technology, 
New Jersey 

Syracuse University Main 

Campus, New York 

Temple University, Pennsylvania 



Texas A&M University 
Texas Tech University 
Tufts University, Massachusetts 
Tulane University, Louisiana 
The University of Akron Main 
Campus, Ohio 
The University of Alabama 
University of Arizona 

University of Arkansas Main 
Campus 

University of California-Berkeley 
University of California-Davis 
University of California-Irvine 
University of California- 
Los Angles 

University of California- 
Riverside 

University of California- 
San Diego 

University of California- 
Santa Barbara 

University of California- 
Santa Cruz 

University of Chicago, Illinois 
University of Cincinnati Main 
Campus, Ohio 

University of Colorado at Boulder 
University of Connecticut 
University of Delaware 
University of Florida 
University of Georgia 
University of Hawaii at Manoa 
University of Houston, Texas 
University of Illinois at Chicago 
University of Illinois at 
Urbana-Champaign 
University of Iowa 
University of Kansas Main 
Campus 

University of Kentucky 

University of Louisville, Kentucky 

University of Maine 

University of Maryland Baltimore 
County 

University of Maryland College 
Park 

University of Massachusetts at 
Amherst 

University of Miami, Florida 
University of Michigan- 
Ann Arbor 

University of Minnesota- 
Twin Cities 

University of Mississippi 



University of Missouri-Columbia 
University of Nebraska 
University of Nevada, Reno 
University of New Hampshire 
University of New Mexico Main 
Campus 

University of New Orleans. 
Louisiana 

University of North Carolina at 
Chapel Hill 

University of North Dakota Main 
Campus 

University of Notre Dame, 
Indiana 

University of Oklahoma Norman 
Campus 

University of Oregon 
University of Pennsylvania 
University of Pittsburgh Main 
Campus, Pennsylvania 
University of Rhode Island 
University of Rochester, 
New York 

University of South Carolina- 
Columbia 

University of South Dakota 
University of South Florida 
University of Southern California 
University of Tennessee- 
Kiioxville* 

University of Texas at Arlington 
University of Texas at Austin 
University of Toledo, Ohio 
University of Utah 
University of Vermont 
University of Virginia 
University of Washington 
University of Wisconsin-Madison 

University of Wisconsin- 
Milwaukee 

University of Wyoming 
Utah State University 
Vanderbilt University 

Virginia Polytechnic Institute 
and State University 
Washington State University 
Wayne State University, 
Michigan 

West Virginia University 
Yale University, Connecticut 
Vesliiva University, New York 
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for equipment for undergraduate 
science education. The new pro- 
gram also provides up to 50 percent 
of the total grant amount for renova- 
tion of teaching laboratories. Facul- 
ty development and curriculum 
development in the sciences are 
no longer included as categories. 

In the first Phase II competition, 
held in 1993, 47 grants were made 
to public and private comprehen- 
sive and liberal arts institutions. 
For the 1994 grants competition, 
151 public and private rese<:.. v ::h 
and doctorate-granting universities 
were invited to compete (Figure 
27). Institutions receiving HHMI 
awards in 1989-1990 and 1992, 
and other institutions meeting 
the assessment criteria, were 
extended invitations. 

Proposals will be reviewed by 
an external panel of scientists and 
educators. Their evaluations will 
then be reviewed by an internal 
HHMI committee, which will make 
recommendations to HHMTs 
Trustees, who will authorize fund- 
ing. Grants providing approximately 
$72 million over a four-year period 
will be announced late in the sum- 
mer of 1994. 

Assessment Criteria 

To identify institutions as eligible, 
HHMI has referred in each compe- 
tition to the 1987 classification of 
higher-education institutions by the 
Carnegie Foundation for the 
Advancement of Teaching. The 
Carnegie classifications are based 
on such factors as the level 
of degree offered, nature of the 



Figure 28 



Undergraduate Biological Sciences 
Education Program, Grantees by Carnegie 
Foundation Classification, 1988-1993 



1988-1992 
Phase I 

Carnegie Classification 

Research Universities I and II 7C 
Doctorate-Granting Universities I and l\ 16 
Comprehensive Universities and Colleges 1 and 11 23 



Liberal Arts Colleges 1 and U 
Schools of Engineering and Technology 
Totals 

educational mission, degree of spe- 
cialization in particular fields, and 
amount of annual federal support 
for research and development. 
HHMI has also taken into account 
the institutions* records of prepar- 
ing students for scientific careers 
who are from minority groups 
underrepresented in the sciences. 
Figure 28 shows the Carnegie clas- 
sification of institutions that 
received awards in Phases I and II. 

For the 1994 competition, institu- 
tions from the chosen Carnegie cat- 
egories (Research Universities 
I and II and Doctorate-Granting 
Universities I and II) were invited 
to compete, as in the past, on 
the basis of their records of gradu- 
ating students who went on to med- 
ical school or to the Ph.D. degree 
in biology, chemistry, physics, 
or mathematics (Figure 29). Data 
for this selection, reflecting the 
most recent 10-year period 
for which data were available, 
were provided by the Association 
of American Medicpl Colleges, 



1993 
Phase II 



20 



G4 

2 

181 



47 
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the National Research Council ■■■Hi^HH 

of the National Academy of Sci- New Awards, 1993 

ences, and the U.S. Department of i n August 1993 the Institute corn- 
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Assessment Criteria 

In 1988-1992, institutions were assessed for participation in the Undergraduate Biolog- 
ical Sciences Education Program on the basis of the percentage (calculated with data 
on total baccalaureate degree production collected by the U.S. Department of Educa- 
tion) and absolute number of graduates from each institution who have: 

■ Matriculated in medical schools 

Data Source: Association of American Medical Colleges. 

■ Earned doctorates in biology 

Data Source: National Research Council of the National Academy of Sciences. 

■ Earned doctorates in chemistry, physics, or mathematics 

Data Source: National Research Council of the National Academy of Sciences. 

Note: Assessments for the 1988 and 1989-1990 competitions were based on data for the periods 
1976- J 986 (for doctorates earned in biology, chemistry, physics, or mathematics). Assessments 
for the 1991-1992 competitions were based on data for the periods 1979-1988 (for medical 
schoot matriculation and doctorates canted in biology, chemistry, physics, and mathematics). 



Undergraduate Biological Sciences Education Program, 
Awar *i *o 47 Colleges and Universities ($28.5 million), 
by Pro-am Component, Phase II, 1993 Competition 



Education. 



pleted a Gfth competition for under- 
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Precollege and Student research and 

outreach programs broadening access 

$7 million (25%) $11 million (38%) 




Equipment and 
laboratories 
$10.5 million (37%) 
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graduate grants and made awards 
totaling $28,5 million to 47 colleges 
and universities (Figure 30). The 47 
grantees competed within a pool of 
175 institutions classified by the 
Carnegie Foundation as public and 
private Comprehensive Colleges 
and Universities I and II, Liberal 
Arts Colleges I and II, and Schools 
of Engineering and Technology, 
The Institute's four-year grants 
range from $500,000 to $1,400,000 
each, and respond to the institu- 
tions' proposals for support of a vari- 
ety of program activities in under- 
graduate science education. (See 
pages 48-54 for a list of the grantee 
institutions and descriptions of their 
awards.) 

Undergraduate Research, Including 
Opportunities for Women and 
Minority Students 
Underrepresented in the Sciences 

As noted above, student research is 
a major activity funded through the 
undergraduate program (Figure 
31). Of the $28.5 million awarded in 
1993, a total of $11 million will pro- 
vide laboratory research experi- 
ences for undergraduates at the 
introductory through upper-division 
levels. HHMI support will enable 
some students to work off-campus 
in laboratories of research universi- 
ties and private industry and will 
provide others with close faculty 
collaboration in campus laborato- 
ries. These laboratory experiences 
will be offered during the summer 
or academic year and, in some 
cases, during both periods. Institute 
funds will also support training to 
prepare students for laboratory 



Figure 31 



Student Research and Broadening Access 
Programs 

California State University, Northridge 

Opportunities for students, particularly those at the freshman 
. level and transfer students from community colleges, to engage in 
research experiences, benefit from increased academic and 
career counseling, and be exposed to the culture of science. 

City University of New York Hunter College 

Increasing access for students, including women and students 
from minority groups underrepresented in the sciences, to labora- 
tory research through summer training workshops in molecular 
biology, neurobiology, and cell structure, followed by 
academic-year laboratory research experiences. 

Morehouse College 

Significantly expanded laboratory opportunities for students dur- 
ing the summer and academic year, both on the campus and at a 
research university with which the College has established a part- 
nership, and opportunities for students to present their research. 

Oberlin College 

Summer and academic -year laboratory experiences for students, 
and opportunities to discuss research at an on-campus colloquium 
with visiting scientists and to present research results at regional 
or national conferences. 



Swarthinore College 

Faculty laboratory research experiences for students, including 
women and members of underrepresented minority groups, with 
opportunities to travel to scientific meetings, a seminar series on 
interdisciplinary research, and other activities. 

Wellesley College 

A program in which women students would be teamed with sci- 
ence faculty mentors and provided summer laboratory experi- 
ences spanning several years, including opportunities to present 
their research at meetings on and off campus. 
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Figure 32 



Equipment and Laboratory Development 
Programs 

Bowdoin College 

Equipment acquisitions to enhance student independent research 
ex-periences, and introductory, intermediate, and upper-division 
laboratory courses in such fields as biochemistry, biophysics, 
genetics, and neuroscience. 

Bryn Mawr College 

Enhancements in teaching laboratories for programs in organis- 
mal biology, neural and behavioral sciences, and other scientific 
disciplines by computer upgrades and laboratory renovations. 

Carleton College 

Modern instrumentation to strengthen undergraduate laboratory 
instruction and student research in such areas as molecular and 
developmental biology, neuroscience, and related scientific disci- 
plines. 

Fort Lewis College 

The development of laboratory facilities and the acquisition of sci- 
entific equipment for instruction and undergraduate research in 
biochemist ry, cell and molecular biology, physiology, and macro- 
molecular isolation. 



University of Puerto Rico Rio Piedras Campus 

New equipment to strengthen laboratory instruction in such areas 
as biochemistry, cell and molecular biology, developmental biolo- 
gy, and genetics, and to enhance introductory-level laboratories in 
chemistry and physics by using biological examples. 

University of Texas at El Paso 

Significant enhancements in introductory and upper-division lab- 
oratories iii cell and molecular biology, immunology, physiology, 
and plant biology through renovations and new equipment acqui- 
sitions. 



research and opportunities to pre- 
sent their findings at scientific meet- 
ings. 

Forty-four of t^e 47 awardee 
institutions will u. "heir HHMI 
grants to attract and retain students 
in scientific fields by providing 
them with stipends to participate in 
laboratory research at their own 
institutions or at off-campus sites. A 
major emphasis in many of these 
programs will be to broaden the 
access to science for women and 
students from underrepresented 
minority groups. 

Equipment and Laboratory 
Development 

A total of $10.5 million provides sup- 
port to 42 grantee institutions for 
equipment acquisitions and labora- 
tory renovations (Figure 32). These 
funds will support capital upgrades 
and enhancements needed to 
strengthen introductory, intermedi- 
ate, and upper-division undergradu- 
ate courses emphasizing hands-on 
experimentation. The new equip- 
ment and laboratory improvements 
will provide expanded opportunities 
for faculty-student research collabo- 
ration. 

Equipment and laboratory devel- 
opment funds will also support 
efforts on the part of science depart- 
ments to integrate the teaching of 
biological sciences with chemistry, 
physics, mathematics, and comput- 
er science. For example, a number 
of institutions will use the funds to 
include biological examples in phys- 
ical science courses. In addition, 
several institutions will establish 
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computer laboratories to supple- 
ment course work in the biological 
sciences by providing expanded 
instruction in data and computation- 
al analysis. 

Precollege and Outreach Programs 

A total of $7 million was awarded to 
colleges and universities for collab- 
orative programs with elementary, 
middle, and high schools and two- 
and four-year colleges (Figure 33). 
One of the principal forms of out- 
reach will be opportunities for 
teachers and students at these 
schools and colleges to participate 
in research at college and university 
laboratories. Many grantee institu- 
tions will direct these efforts to 
schools and colleges with signifi- 
cant enrollments from underrepre- 
sented minority groups. 

A total of 39 colleges and univer- 
sities receiving 1993 grants will 
undertake programs aimed at 
enhancing teaching and learning in 
the sciences, especially at the pre- 
college levels. The funds will pro- 
vide stipends for teachers and stu- 
dents participating in research and 
laboratory training activities. In 
addition, a number of programs will 
provide equipment and materials to 
enable science teachers to imple- 
ment new curricula, particularly at 
rural and inner-city schools. Other 
supported activities include visiting 
scientist programs, in-service work- 
shops, and degree programs for 
teachers. 
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Precollege and Outreach Programs 



City University of New York City College 

Outreach programs for students, particularly women and under- 
represented minorities, to include such activities as research 
experiences, counseling, and science career information for high 
school students; summer research or academic preparation courses 
Tor p refresh men; and a summer transfer program for community 
college students. 

Humboldt State University 

A program to increase recruitment and retention in the sciences 
for Native American students from western states, including 
California, Nevada, Oregon, Washington, and Montana, through 
ongoing contact with tribal colleges and schools, support and 
mentoring at the University, and on- and off-campus laboratory 
experiences. 



Western Maryland College 

An expanded outreach program engaging Baltimore area high 
school students and teachers in studies of the biology of the 
Chesapeake Bay, using the Bay as a science laboratory. 



Wheaton College 

A program to attract and retain students, particularly those from 
inner-city Chicago schools, through laboratory instruction in biol- 
ogy, chemistry, and mathematics, with tutoring and peer counsel- 
ing by college students from similar backgrounds. 



Wofford College 

Expansion of a two-week summer residential precollege science 
program, conducted by College science faculty and students, for 
gifted 6th-, 7th-, and 8th-graders from Spartanburg, South Carolina. 



Xavier University of Louisiana 

Summer academic enrichment programs in biology, chemistry, 
and mathematics for underrepresented minority students in the 
9th through 12th grades, primarily from metropolitan New 
Orleans, and support for junior and high school teachers to 
develop new teaching materials. 
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Overview of the 
Undergraduate Program, 
Phase 1, 1988-1992 

Grants Competitions and Awards 

The first phase of the undergradu- 
ate program began in 1988 with the 
initial competition in which HHMI 
invited 81 private liberal arts and 
comprehensive institutions and 18 
public and private historically black 
institutions to apply for five-year 
grants to bolster their science pro- 
grams. Following review of the 99 
proposals by external and internal 
panels of scientists and educators, 
44 institutions, including 34 private 
four-year colleges and 10 public and 
private historically black institu- 
tions, were awarded a total of $30.4 
million. (For further information on 
these grants, see HHMI's Grouts 
Program Policies and Awards, 

1988- 1989) 

In 1989, 101 public and private 
research and doctorate-granting 
universities were invited to submit 
proposals to enhance undergradu- 
ate education in biology and related 
fields. Following review of the pro- 
posals, HHMI provided grants total- 
ing $61 million to 51 universities. 
These awards were paid over a 
two-year period. (See HHMI's 
Grants for Science Education, 

1989- 1990) 

In 1991 a total of 98 public and 
private institutions, including com- 
prehensive and liberal arts colleges 
and universities and institutions 
with demonstrable records of edu- 
cating minority students underrep- 



resented in the sciences, competed 
for undergraduate awards. Forty- 
four of these institutions, including 
10 with significant presence of 
underrepresented minority stu- 
dents, received support totaling 
$31.5 million for a range of program 
activities. (See HHMI's Grants for 
Science Education, 1990-1991) 

The first program phase was 
completed in 1992, and a fourth 
competition was held in which 98 
research and doctorate-granting 
universities were invited to submit 
proposals. HHMI awarded grants 
totaling $52.5 million to 42 of these 
institutions. (See HHMI's Grants for 
Science Education, 1991-1992, and 
1993 Undergraduate Program Direc- 
tory, A Listing of Program Directors 
and Grants Awarded at 181 Colleges 
and Universities, 1988-1992) 

Undergraduate Research: 
Opportunities for Women and 
Minority Students 
Underrepresented in the Sciences 

Of the total funding of $175.4 mil- 
lion provided in the first phase of 
the undergraduate program, 
approximately $60 million has been 
used at 170 of the 181 grantee insti- 
tutions for programs to recruit and 
retain students in the sciences, 
especially those underrepresented 
in scientific fields, such as women, 
blacks, Hispanics, and Native Amer- 
icans. The principal student activity 
supported under the program is 
undergraduate research, providing 
opportunities for students, many 
with no prior laboratory experience, 
to learn scientific concepts, termi- 
nology, and techniques while assist- 
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lug scientists in research projects 
on or off campus. At a number of 
institutions, th sc research experi- 
ences have b,:en enhanced by 
prior training activities and subse- 
quent opportunities for students to 
present and publish their research 
findings. 

Since its inception in 1988, the 
undergraduate program has sup- 
ported over 11,500 undergraduates 
conducting research (Figure 34). Of 
this total, 56 percent are women and 



27 percent are students from minor- 
ity groups underrepresented in sci- 
entific fields. Most of the students 
(92 percent) conducted research at 
their own institutions, and a limited 
number (8 percent) worked off cam- 
pus at other universities or colleges, 
in government laboratories, or with 
private corporations (Figure 35). 
Forty-five percent of these research 
experiences took place during sum- 
mer, 36 percent during the academ- 
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Undergraduate Research, 1988-1993 

Student Participation Trends 



Number of students 




198&-1989 1989-1990 1990-1991 1991-1992 1992-1993 



■ Minorities ■ Women ■ All students 



Student Participation — Total 

Number Percent 

AJ1 students 11,522 100% 

Women 6,449 56 

Minorities 3,158 27 
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ic year, and the rest aimed both graduate research opportunities in 

periods (Figure 35). attracting student interest in the sci- 

Grantee institutions have report- ences and helping to retain that 

ed a significant impact of under- interest through the college years 

Figure 35 



Undergraduate Research Sites, 1988-1993 




All research sites * Off-campus research sites 



Figure 36 



Undergraduate Research by Academic Period, 
1988-1993 

Both Summer research 




Academic year 
research (36%) 
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and beyond. According to a number 
of participating students, HHMI- 
supported research experiences 
have been major factors in accep- 
tances into outstanding graduate 
and medical programs and in 
receipt of national fellowships. For 
example, several undergraduates 
supported though this program 
have gone on to receive fellowships 
under HHMFs highly competitive 
predoctoral fellowship program. 

Faculty Development in the 
Sciences 

In the initial program phase, a total 
of $28 million has been used by 98 
of the 181 awardee institutions for 
science faculty development, includ- 
ing the appointment of new faculty 
members, programs to engage 
research faculty in undergraduate 
teaching, and other activities. Since 
1988, HHMI funds have enabled 55 
colleges and universities to appoint 
169 faculty members in a range of 
scientific disciplines. These HHMI- 
supported appointments include 82 
women (49 percent) and 21 faculty 
members from minority groups 
underrepresented in scientific areas 
(12 percent) (Figure 37). These 
appointments are providing depart- 
ments with opportunities to develop 
new courses in important areas of 
modern science and to update and 
expand curricula. 

The scientific disciplines in 
which HHMI-supportecl faculty 
have been appointed include cell or 
molecular biology, biochemistry/ 
biophysics, and neuroseienee (Fig- 
ure 38). In several cases the new 



Figure 37 

New Faculty Appointments, 1988-1993* 



Number Percent 

Faculty Appointments ICO 100% 

UnderrepreseiUed Minorities 21 12 

Women 82 49 



*Ofthe 169 Institute-supported appointments, 39 are non tenure track. 
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New Faculty Appointments, by Scientific 
Field, 1988-1993 

Field Number of Appointments 



Cell or molecular biology 4 1 

Biochemistry/biophysics 26 

Neuroseienee 22 

General biology ' 1 1 

Chemistry 10 

Genetics 5 

Physics 5 

Physiology 4 

Other biological and scientific fields 45 

Total 169 



appointments have enabled institu- 
tions to bridge science depart- 
ments, such as biology and chem- 
istry, in the development of interdis- 
ciplinary pro-ams. The new faculty 
members have begun to distinguish 
themselves at their colleges and 
universities, which arc reporting 
important contributions in teaching, 
research, and institutional service. 

HHMI provides funds for activi- 
ties that enrich the current faculty 
scientists' knowledge of their fields 
and enhance their ability to convey 
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Curriculum and Laboratory Development, 
Selected Course Areas, 1988-1993 

Area Number of Courses 

General biology 299 

Chemistry 252 

Biochemistry 218 

Molecular biology 218 

Cell biology 189 

Neuroscience 159 

Physiology 134 

Laboratory techniques 120 

Genetics 116 

Physics 103 

Topics in biological sciences 102 



new knowledge to students. Science 
faculty members have received 
support to participate in workshops, 
seminars, professional meetings, 
and training programs in the 
sciences. 

Ciuriculum and Laboratory 
Development and Equipment 

A total of $53.4 million has been 
directed to the development of sci- 
ence curricula and laboratories, 
enabling nearly all of the 181 
grantee institutions participating in 
the initial program phase to 
enhance the quality of instruction in 
the biological sciences and other 
disciplines as they relate to biology. 
HHMI grant support in this area is 
principally directed to the acquisi- 
tion of modern scientific instru- 
ments and to laboratory renovation. 
The program also supports the 
development of new experiments 
for use in courses, laboratory manu- 



als, and other instructional materi- 
als. 

Since 1988 HHMI has supported 
the development of approximately 
2,500 courses covering a wide range 
of scientific disciplines, such as 
genetics, molecular and cell biolo- 
gy, and neuroscience (Figure 39). 
Approximately 30 fields of biology 
and other disciplines are represent- 
ed. Numerous grantee institutions 
are using their awards to relate biol- 
ogy teaching to chemistry, physics, 
mathematics, and computer sci- 
ence. In such cases biological exam- 
ples are integrated into laboratory 
courses in the physical sciences and 
other areas. 

Another important objective of 
HHMI's support of curriculum and 
laboratory development is the 
enhancement of opportunities for 
hands-on laboratory research in 
undergraduate science courses. 
Grantee colleges and universities 
are developing teaching laborato- 
ries at the introductory through 
upper-division levels, providing 
undergraduates with research expe- 
riences that may he continued in 
faculty laboratories. Institutions 
report that for many students these 
research experiences are stimulat- 
ing interest in science majors and 
careers. 

Precollege and Outreach Programs 

In the first program phase, HHMI 
awarded $34 million to 170 of the 
181 grantee colleges and universi- 
ties to develop or expand linkages 
with precollege and other institu- 
tions. The objective of these initia- 
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Outreach Program Participants, 1988-1993 



Teacher Participation Trends 

Number of teachers and faculty members 

3,000 




1983-1939 1989-1990 1990-1991 1991-1992 1992-1993 
■ Minorities ■ Women ■ All teachers and faculty members 



Teachers and Faculty Members — Total 

Number Percent 

All teachers 8,239 100% 

Women 4,630 5G 

Minorities 1,525 19 



Student Participation Trends 

Number of students 

L750 




1983-1989 
I Minorities 



1989-1990 
I Women 



1990-1991 
! All students 



Student Participation — Total 

/Ml students 
Women 
Minorities 



Number 
25.371 
13,718 
14,940 



1991-1992 



Percent 
IOC* 
54 
59 



1992-1993 
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Outreach Program Participants by Level, 1988-1993 

Teacher Participation m Outreach Prograons by Teaching Level 

Number of teachers 
2,000 

' 1,500 .. I 

: - I I I 

198&-1989 1989-1990 1990-1991 1991-1992 1992-1993 

■ Elementary school ■ Middle school ■ High school IS TWo- and four-year colleges 

Teacher Participation — Total 

Number Percent 

All teachers 8,239 100% 

Elementary school 887 1 1 

Middle school 1,228 15 

High school 5,435 66 

College 689 8 

Student Participation in Outreach Programs by Educational Level 

Number of students 
6,000 

5,000 H| 

h H H 

H ... . ...^B__. ^3 

■ I J J ■■ 

1988-1989 1989-1990 1990-1991 1991-1992 1982-1993 

■ Elementary school ■ Middle school ■ High school » T\vo- and four-year colleges 

Student Participation— Total 





Number 


Percent 


All students 


25,371 


100% 


Elementary school 


5,245 


21 


Middle school 


3,200 


12 


High school 


10,654 


06 


College 


263 


1 
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tives is to enhance the quality of the 
institutions' science programs. 
They are also intended to attract 
and retain students in the sciences, 
particularly women and students 
from underrepresented minority 
groups. Programs include summer 
and academic-year laboratory expe- 
riences for teachers and students, 
summer science camps, equipment 
loans, and curriculum development, 
as well as classroom training for 
students in biology and chemistry, 
physics, mathematics, and other 
areas as they relate to the biological 
sciences. 

Since 1988. approximately 8,200 
teachers, of whom 56 percent are 
women and 19 percent are minority 
group members, have participated 
in HHMI-supported outreach activi- 
ties (Figure 40). In addition, about 
25,000 students have been involved, 
including 59 percent minority stu- 
dents and 54 percent women. 

Teachers from elementary, mid- 
dle, and high schools, faculty mem- 
bers from two- and four-year col- 
leges, and students from these insti- 



tutions have benefited from HHMIs 
precollege and outreach support 
(Figure 41). Of the participating 
teachers, approximately 66 percent 
have been from high schools. Also 
significantly represented have been 
elementary and middle school 
teachers and two- and four-year col- 
lege faculty. Students from high 
schools again accounted for 66 per- 
cent. 

Colleges and universities have 
reported on the laboratory activities 
of precollege students participating 
in HHMI-supported outreach pro- 
grams. A number of these students 
have received recognition for their 
research through such activities as 
the Westinghouse Science Talent 
Search and local, regional, and 
national science fairs. Many have 
also been accepted into leading 
undergraduate science programs. 
In addition, a number of teachers 
from elementary and secondary 
schools have attributed improve- 
ments in their science teaching to 
participation in HHMI programs. 
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Undergraduate Biological Sciences Education Program, 1993 Awards 



Amherst College $500,000 

Amhersi, Massachusetts 

Bates College .$500,000 

Lewiston, Maine 



Bowdoin College $550,000 

Brunswick, Maine 

Biyn Mawr College $600,000 

Bryn Mawr, Pennsylvania 

California State University-Los Angeles $650,000 

Los Angeles, California 

California State University-North ridge $700,000 

Northridge, California 

Carlei&n College $850,000 

Northileld, Minnesota 

City University of New York City College $650,000 

New York, New York 

City University of New York Herbert H. Lehman College $500,000 

Bronx, New York 

City University of New York Hunter College ..$650,000 

New York, New York 

Clark Atlanta University $550,000 

Atlanta, Georgia 

College of the Holy Cross $550,000 

Worcester, Massachusetts 

Colorado College $650,000 

Colorado Springs, Colorado 

Concordia College-Moo rhead $550,000 

Moorhead, Minnesota 

Fisk University $550,000 

Nashville. Tennessee 

Fort Lewis College $500,000 

Durango, Colorado 

Gettysburg College $500,000 

Gettysburg. Pennsylvania 

I Hampton University $500,000 

| Hampton. Virginia 

Haverford College $600,000 

Haverford. Pennsylvania 

Hobart and William Smith Colleges .$550,000 

Geneva. New York 

| Humboldt State University $800,000 

■ Areata, California 

| Knox Col lege $500,000 

i Galesburg, Illinois 

! Morehouse College $1,000,000 

| Atlanta. Georgia 

j Oberlin College $500,000 

! Oborlin. Ohio 



Ohio Wosleyan University $500,000 

Delaware, Ohio 

Saint Joseph's University $500,000 

Philadelphia, Pennsylvania 

St. Mary's University $650,000 

San Antonio, Texas 

Saint Olaf College $500,000 

Northfieid, Minnesota 

San Diego State University $500,000 

San Diego, California 

Smith College $600,000 

Northampton, Massachusetts 

Southern University and A&M College at Baton Rouge $700,000 

Baton Rouge, Louisiana 

Swarthmore College $650,000 

Swarthmore, Pennsylvania 

Tougaloo College $500,000 

Tougaloo. Mississippi 

Tuskegee University $500,000 

Tuskegee, Alabama 

Union College $500,000 

Schenectady, New York 

University of Puerto Rico Cayey University College $600,000 

Cayey. Puerto Rico 

University of Puerto Rico Mayaguez Campus $500,000 

Mayaguez, Puerto Rico 

University of Puerto Rico Rio Piedras Campus $500,000 

Rio Piedras. Puerto Rico 

University of Texas at El Paso $850,000 

El Paso. Texas 

Ursinus College $500,000 

Collegeville. Pennsylvania 

Wellesley College $850,000 

Wellesley. Massachusetts 

Wesleyan University $500,000 

Middletown. Connecticut 

Western Maryland College $500,000 

Westminster, Maryland 

Wheat on College $550,000 

Wheat on, Illinois 

Williams College $500,000 

Will iamst own, Massachusetts 

Wofford College $700.1)00 

Spartanburg. South Carolina 

Xavier University of Louisiana $1,400,000 

New Orleans, Louisiana 



48 



75 



Grants for Science Education, 1004 



Undergraduate Biological Sciences Education Program, 1993 Grant Summaries 



Amherst College, Amherst, Massachusetts 

8500,000 in support of a program to attract and retain students in the sciences, including women and minority students underrepresented in sci- 
entific fields, to include such components as academic-year laboratory research experiences, a science dormitory for student researchers, travel 
to scientific meetings, symposia to present research, and enhanced mentoring and advising. 

Bates College, Lewiston, Maine 

8500,000 in support of the following: (i) student research experiences in faculty laboratories both on and off campus, opportunities to attend sci- 
entific meetings, and other activities; (2) laboratory equipment to enhance undergraduate interdisciplinary teaching in the neurosciences and 
other areas of the biological sciences; and (3) outreach programs for rural elementary and junior high schools that may include: laboratory experi- 
ences for high school science teachers with College faculty, activities in the sciences for elementary and junior high school students, particularly 
girls and members of minority groups underrepresented in the sciences, and local public science education using the College's planetarium. 

Bowdoin College, Brunswick, Maine 

$550,000 to support a program of (1) equipment acquisitions to enhance student independent research experiences and introductory, intermedi- 
ate, and upper-division, laboratory courses in such fields as biochemistry, biophysics, genetics, and neuroscience; (2) student development and 
research experiences, to include summer and academic-year opportunities in faculty laboratories, workshops, and seminars to attract and retain 
students in the sciences, including students from minority groups underrepresented in scientific fields; and (3) outreach to teachers at high 
schools in rural Maine, to provide laboratory experiences, equipment to develop science classes at their home schools, and ongoing contact with 
College faculty. 

Bryn Mawr College, Bryn Mawr, Pennsylvania 

$600,000 in support of activities for attracting and retaining women in the sciences through (1) enhancements in teaching laboratories for pro- 
grams in biology, neural and behavioral sciences, and oilier scientific disciplines by computer upgrades and laboratory renovations; (2) under- 
graduate summer research opportunities with College faculty, to include student stipends, research supplies, travel to conferences, and participa- 
tion in interdisciplinary seminars and discussion series, and a summer research program for students from historically black colleges to conduct 
research in Bryn Mawr laboratories; and (3) science enrichment workshops in biology and neural and behavioral sciences for Philadelphia public 
school science teachers from all grade levels, to include stipends and mini-grants for teachers. 

California State University-Los Angeles, Los Angeles, California 

$650,000 in support of (1) a research training program in the biological sciences for freshmen and sophomores, especially women and students 
from underrepresented minority groups, to include academic preparation for research through workshops and seminars, tutoring and group study 
activities, faculty/peer advising and mentoring, and research participation with faculty mentors, and (2) equipment purchases to enhance under- 
graduate laboratory' research training and experience in the biological sciences and related disciplines. 

California State University-Northridge, Northridge, California 

$700,000 to support (1) summer and academic-year research experiences in faculty laboratories for introductory-level students; enhanced 
academic advising and peer tutoring for freshmen and transfer students; student travel to scientific meetings; and other activities, and (2) a pro- 
gram to provide training and materials to develop student research programs in the biological sciences to science teachers from Los Angeles 
junior and senior high schools with significant minority enrollments. 

Carleton College, Northfield, Minnesota 

$850,000 in support of (1) modem instrumentation for undergraduate laboratory instruction and student research in molecular and developmen- 
tal biology, neuroscience, and related scientific disciplines; (2) opportunities for undergraduates to engage in summer research with college facul- 
ty, to include student stipends, research supplies, and travel to scientific meetings to present research; and academic and research training in 
science for entering freshmen; (4) a summer research program for high school students from San Antonio, Texas; and (5) an introduction to 
mathematics and principles and methods of scientific research for middle school students, including those from underrepresented minority 
groups. 

City University of New York City College, New York, New York 

$(550,000 in support of ( 1 ) programs of student research and broadening access for students that may include the following activit ics: freshman 
research preparation and participation, upper division research, and various broadening access activities; (2) outreach programs for students, 
particularly women and underrepresented minorities, to include such activities as research experiences, counseling, and science career informa- 
tion for high school students, summer research or academic preparation courses for prefreshmen, and a summer transfer program for community 
college students; and (3) laboratory instrumentation for cell and molecular biology courses and biology and chemistry modules. 
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City University of New York Herbert H. Lehman College, Bronx, New York 

$500,000 in support of the following: (1) renovations and equipment for undergraduate teaching laboratories to introduce students to modern sci- 
entific principles and research in introductory and advanced level biological courses; (2) summer outreach programs for 11th- and 12th-grade stu- 
dents and prefreshmen. especially those from underrepresented minority groups; and (3) an academic year program for freshmen and sopho- 
mores, to include research, advising, and other academic development. 

City University of New York Hunter College, New York, New York 

$650,000 in support of the following: (1) increasing access to laboratory research through summer training workshops in molecular biology, neuro- 
biology, and cell structure, followed by an academic year research program for undergraduates; (2) renovation of an undergraduate facility and 
acquisition of scientific instrumentation to support laboratory training in neurobiology and molecular immunology and basic research techniques; 
and (3) an outreach program, to include summer training workshops for local high school biology teachers and follow-up activities for high school 
students. 

Clark Atlanta University, Atlanta, Georgia 

$550,000 to support the following: (1) research training and laboratory experiences for students, beginning with a prefreshman course in mathe- 
matics and scientific principles and techniques, followed by summer and academic-year research opportunities with faculty members and at 
research universities, industrial laboratories, and other sites; (2) renovations and equipment acquisitions to permit the expansion of a laboratory 
course in cell biology; and (3) summer laboratory training in genetics for biology teachers from Atlanta high schools and equipment and materials 
for teachers to develop curricula at their home institutions. 

College of the Holy Cross, Worcester, Massachusetts 

S550.000 to support (1 ) outreach activities with Worcester public high schools, to provide teachers with laboratory and classroom training in the 
biological sciences and other fields as they relate to biology, and to develop precollege science curricula; (2) equipment acquisitions to enhance 
courses in such areas as biochemistry, cell biology, genetics, immunology, introductory biology, and neurobiology: and 03) student research during 
the summer and academic year in faculty laboratories, and opportunities for students to present their research. 

Colorado College, Colorado Springs, Colorado 

$050,000 to support a program of (1) summer and academic-year student research experiences in on- and off-campus laboratories, with opportuni- 
ties for students to participate in scientific meetings, present their research, and other activities; (2) outreach activities, to include summer labo- 
ratory and classroom training lor students, particularly black, Hispanic, and Native American students from high schools in Colorado, New Mexico, 
and Arizona, and an extension of this program in scientific analysis and writing for College students; and (3) equipment acquisitions for student 
research and laboratory courses in genetics and molecular biology. 

Concordia College-Moorhead, Moorhead, Minnesota 

S55O.O0O in support of (1) on-campus laboratory experiences for students working during the .summer in faculty-student research teams: (2) 
equipment and renovations for laboratories to enhance teaching and learning in such disciplines as molecular genetics and developmental biolo- 
gy, plant physiology, and human anatomy and physiology; and (3) expansion of programs with local schools and a tribal college to increase the par- 
ticipation of Native Americans in science through on-campus laboratory experiences for teachers and faculty-teacher collaboration in precollege 
biology curriculum development. 

Fisk University, Vishville, Tennessee 

$550,000 in support u (1) a program for juniors to include individualized instruction on the basic principles and applications of various biological 
and biochemical techniques in the life science research, supplemented with lectures, mentoring, and other activities, followed by independent 
research with faculty mentors, and opportunities to travel to scientific meetings, and (2) laboratory equipment and instrumentation for student 
research and general undergraduate biology courses. 

Fort Lewis College, Durango, Colorado 

$500,000 in support of (I) development of laboratory and classroom facilities and the acquisition of scientific equipment for instruction and 
undergraduate research in biochemistry, cell and molecular biology, physiology, and macroniolecular isolation; (2) increased opportunities for 
undergraduates, especially women, Native Americans, Hispanics and blacks to participate in summer research with College faculty; and (•)) 
expanded research experiences for high school or community c ollege science teachers. 

Gettysburg College, Gettysburg, Pennsylvania 

.$500,001) in support of (0 an outreach program that will bring kindergarten through 12lh grade teachers from local school districts, including 
those serving rural students, together with College science faculty to engage in interdisciplinary, problem-based learning in the biological and 
physical sciences, and (2) provide equipment to schools to enable students to perform da:,. .room experiments in modern biology. 
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Hampton University, Hampton, Virginia 

$500,000 iu support of (1) a program to attract and retain underrepresented minority students In scientific fields. by providing a prefreshman pro- 
gram of laboratory and classroom training in molecular biology, laboratory research experiences, and opportunities to present research; (2) equip- 
ment acquisitions and laboratory renovations to support student research; and (3) activities to develop high school students' interest in science, 
including laboratory experiences in biology and chemistry, visits to research laboratories, and guest scientific lectures. 

Haverford College, Haverford, Pennsylvania 

$600,000 in support of (1) programs for students, including women and members of minority groups underrepresented in the sciences, to provide 
summer and academic-year laboratory experiences, interdisciplinary study and research in the biological sciences, and seminars and symposia on 
biomedical topics; (2) equipment acquisitions to modernize laboratory courses and introduce new experiments in such fields as biochemistry, 
biology, and biophysics; and (3) outreach initiatives, including laboratory and classroom training, for teachers and students from Philadelphia 
area middle and high schools, particularly those with significant minority enrollments. 

Hobart and William Smith Colleges, Geneva, New York 

$550,000 in support of (1) equipment acquisitions and renovations for undergraduate laboratories, such as introductory biology and a microcom- 
puter laboratory, and (2) a summer research program based on laboratory research groups composed of dne faculty member, two upperclassmen, 
two underclassmen, and one prefreshman. 

Humboldt State University, Areata, California 

$800,000 to support (1) a program to increase recruitment and retention in the biological sciences on the part of Native American students from 
western states, including California, Nevada, Oregon, Washington, and Montana, through ongoing contact with tribal colleges and schools, support 
and mentoring at the University, and on- and off-campus laboratory experiences; (2) equipment acquisitions for teaching laboratories in such 
areas as molecular biology, physiology, and microbiology; and (3) faculty-student laboratory research and opportunities for students to attend sci- 
entific meetings and presenr their research. 

Knox College, Galesburg, Illinois 

$500,000 in support of (1) instrumentation to develop laboratory courses in such areas as immunology, genetics, and structural and cell biology 
with a \iewto imparting scientific principles and techniques to students preparing for independent research experiences; (2) summer research 
opportunities for undergraduates, particularly those from underrepresented minority groups; and (3) an outreach program that could include 
training in mathematk nd physics for underrepresented minority high school students from the Chicago area. 

Morehouse College, Atlanta. Georgia 

$1 ,000,000 in support of a program to provide students from minority groups underrepresented in the science.- 5 with tmj following: (1) precollege 
outreach activities for high school students from Atlanta and throughout the United States that include classroom training in science, mathemat- 
ics, and general study skills and hands-on laboratory experiences at the College or at off-eainpus sites, and a pn* freshman program in the sci- 
ences; (2) student research experiences from the sophomore through senior year that include summer and academic-year research at the College 
and at another institution, as well as opportunities for students to present their research ; and (3) laboratory courses in the areas of plant sci- 
ences, molecular genetics, biochemistry, and ecology, enhanced with new equipment and renovations. 

Oberlin College, Oberlin, Ohio 

$500,000 in support of (1) laboratory renovations and equipment acquisitions to expand and enhance teaching in areas that could include general 
introductory biology, chemist ry, and neuroscience; (2) summer and academic-year laboratory experiences for students, including women and stu- 
dents from minority groups underrepresented in the sciences and opportunities for students to discuss research at a colloquium with visiting sci- 
entists and present research results at regional or national conferences; and (3) a program to interest biology majors in science teaching by link- 
ing them with College faculty and with local high school teachers in developing instructional materials on specific biological topics to be present- 
ed by the students in high school classrooms.' 

Ohio Wesleyan University, Delaware, Ohio 

$500,000 to support (1) equipment acquisitions and renovations for a teaching laboratory in botany, microbiology, and zoology, or in chemistry, 
physics, or mathematics; (2) on-campus student summer research, mentoring, and opportunities for students to present research; and (3) out- 
reach opportunities for precollege teachers and students in the biological sciences and other disciplines as they relate to biology, 

Saint Joseph's University, Philadelphia, Pennsylvania 

$500,000 in support of (1) a summer research program for undergraduates from Saint Joseph's University, women's colleges, and historically black 
institutions from the Philadelphia area, to provide 1 student stipends, research supplies, and student travel to professional meetings, and (2) new 
and upgraded equipment to enhance last ruction in the core science curriculum and to implement new laboratory curriculum improvements in 
upper-division courses, such as biochemistry and molecular genetics or physiology. 
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St, Mary's Univejrsity, San Antonio, Texas 

$650,000 to support (1) renovations and equipment acquisitions to support the development oflaboratory teaching in the biological sciences and 
other disciplines as they relate to biology, such as biochemistry, molecular biology, genetics, and organic, inorganic, and physical chemistry; (2) 
c iinmer research experiences for students at off-campus biomedical research laboratories, and student development in the sciences; and (3) lab- 
oratory experiences and other opportunities in the sciences for students at San Antonio high schools, including those serving significant numbers 
of underrepresented minority students. 

Saint Olaf College, Northfield, Minnesota 

$500,000 in support of (I) a summer research program consisting of undergraduate laboratory experiences, support for underrepresented minori- 
ty students, and research opportunities for Minneapolis community college students; (2) equipment for undergraduate laboratory instruction in 
introductory and upper-level biology and chemistry courses; and (3) outreach initiatives to enhance science education at the elementary and pre- 
college level, including a program to link teachers from rural and inner-eity elementary schools with College faculty. 

San Diego State University, San Diego, California 

$500,000 to support (1) equipment acquisitions and renos'ations for introductory and upper division teaching laboratories in disciplines that could 
include biostatistics (with an undergraduate computer laboratory), general biology, cell and molecular biology, microbiology, and physiology; (2) 
programs for students, including women and underrepresented minorities, such as training for prefreshmen and transfer students, undergraduate 
support, and other activities; and (3) outreach to San Diego schools that may include laboratory experiences for secondary-school science teach- 
ers and activities for primary and middle school students. 

Smith College, Northampton, Massachusetts 

$600,000 in support of (1) equipment acquisitions for undergraduate laboratories, such as cell biology and regulation, immunology, neuroscience. 
and other scientific disciplines; (2) a summer undergraduate research program, to include student stipends, research supplies, and travel to pre- 
sent research results; and (3) the integration of two outreach programs to provide access for high school girls into undergraduate science pro- 
grams, through activities such as a girls' summer residential science program and the provision of resources and experiences for high school 
'eachers and counselors. 

Southern University and A&M College at Baton Rouge, Baton Rouge, Louisiana 

$700,000 to develop an outreach program for precollege students in the Baton Rouge area to attract academically talented 10th-. 1 1th-. and 12th- 
grade students, particularly females and those from minority groups underrepresented in the sciences, into careers in research or medicine. 

Swarthmore College, Swarthmore, Pennsylvania 

$050,000 in support of ( 1) research experiences in faculty laboratories for students, including women and members of underrep resented minority 
groups, opportunities to travel to scientific meetings, a seminar series on interdisciplinary research, and other activities; (2) new instruments to 
equip laboratories for courses in areas such as physiology and molecular biology: and (3) outreach activities, to include summer research experi- 
ences In College laboratories for teachers and students from local high schools, including those with significant enrollments of underrepresented 
minority students. 

Tougaloo College, Tougaloo, Mississippi 

$500,000 to support (I) new equipment and laboratory renovations to provide students with hands-on. experiment -oriented instruction in areas of 
the biological sciences including genetics, molecular biology, and physiology, and to upgrade teaching in chemistry and physics: (2) support for 
students that includes opportunities to participate in laboratory experiences during the summer and academic vear: and {'-)) summer and week- 
end laboratory and classroom training in science and mathematics for students and teachers from high schools in the Jackson area. 

Tuskegee University, Tuskegee, Alabama 

$500,000 in support of (1) renovation of biology and chemistry teaching laboratories and creation of a learning center emphasizing computer- 
based instruction in biology and chemistry, and (2) expansion of a program that provides students with prefreshman laboratory and classroom 
training in the sciences, ongoing courses and seminars to strengthen research skills, and research experiences at university, government, and 
other off-campus laboratories. 

Union College, Schenectady, New York 

$500,000 to support ( 1) laboratory renovations and equipment acquisitions to strengthen teaching in such areas as biochemistry, molecular genet- 
ics, protein structure and function, and physics, using biological examples: (2) precollege and outreach programs that could include summer sci- 
ence workshops for elementary, middle, and high school teachers, local support groups for science teachers, and other activities; and (3) laborato- 
ry' research opportu. :* ; .es for students, including those from minority groups underrepresented in the sciences, 
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University of Puerto Rico Cayey University College, Cayey, Puerto Rico 

$600,000 to support a program to attract and retain Hispanic students in the sciences, to include (1) faculty mcr rug and summer research 
experiences for students in on-campus laboratories during their freshman year and opportunities to work in laboratories at research institutions 
in the United States during the sophomore year; (2) renovations and instrumentation to enhance laboratories for science courses in such areas as 
biochemistry, cell and molecular biology, and developmental biology, and for undergraduate and precollege research experiences; and (3) a sum- 
mer training program in scientific principles, methodology, and techniques for students prior to their freshman year. 

University of Puerto Rico Mayaguez Campus, Mayaguez, Puerto Rico 

$500,000 to support a program to (1) renovate a laboratory facility for undergraduate instruct ion in such areas as cell physiology, virologj', 
immunology, and molecular genetics, and acquire equipment for courses in majors and noiimajors general biology, and genetics and structural 
biology; (2) enhance student research experiences to provide opportunities for students to attend scientific meetings; and (3) conduct introduc- 
tory workshops in molecular biology for local high school biology' teachers. 

University of Puerto Rico Rio Piedras Campus, Rio Piedras, Puerto Rico 

$5011,000 to support (1) research opportunities for undergraduates on campus and in off-campus laboratories of pharmaceutical companies and 
government agencies, a peer tutoring program in chemistry, physics, and mathematics for undergraduates, and expansion of pre- freshman sum- 
mer workshops in mathematics to enhance quantitative skills, problem-solving abilities, and analytical reasoning; (2) enhancement of laboratory 
courses and introduction of molecular biology techniques through equipment acquisitions; and (3) production of educational science \ideos for 
elementary and intermediate school students, a mathematics research seminar and symposium for junior and high school stii'toils during the 
summer and academic year, and a science competition for junior high and high school, students throughout Puerto Rico, 

University of Texas at El Paso, El Paso, Texas 

§850,000 to support (1) equipment acquisitions and laboratory enhancements for courses at the introductory through upper-division levels in cel- 
lular and molecular biology, immunology, physiology, awl plant biology; (2) laboratory training and research experiences for students in their 
sophomore through senior years ■. Ming on-and off-campus Iaboratoiy opportunities and support for travel to scientific meetings; (3) a student 
development program in »**• . ^s that provides prefreshman workshops in the sciences and in general study skills and continues through the 
undergraduate years with laculty and peer mentoring, science seminars and symposia, and preparation for and assistance in applying to graduate 
or medical school. 

Ursinus College, Collegeville, Pennsylvania 

$500,000 in support of a program to include (1) scientific instrumentation to support student laboratory experiences in cell and molecular biology 
and organismal systems and a new approach to introductory biology teaching through a team approach to scientific problem solving, and (2) ini- 
tiatives to prepare undergraduates, especially undo represented minority groups, for up per level curriculum in the sciences through financial and 
academic support for incoming students, a prefreshman bridge program, and tutoring activities. 

Wellesley College, Wellesley, Massachusetts 

$850,000 in support of programs to attract and retain women in the sciences, to include the following components: (1) summer research opportu- 
nities, in collaboration with a faculty mentor, for women and minority students underrepresented in the sciences; (2) equipment acquisitions to 
strengthen classroom and Iaboratoiy instruction in biology and chemistry at the introductory level; and (3) programs to enhance the qiuiity of 
precollege science education. 

Wesleyan University, Middletown, Connecticut 

$500,000 to support (I) equipment acquisitions and renovations for a teaching laboratory in botany, microbiology, and zoology, or in chemistry, 
physics, or mathematics; (2) on-campus student summer research, mentoring, and opportunities for students to present research; and (3) out- 
reach opportunities for precollege teachers and students in the biological sciences and other disciplines as they relate to biology. 

Western Maryland College, Westminster, Maryland 

$500,0(10 in support of (1) updated and enhanced laboratory instrumentation for undergraduate courses in molecular modeling and cell biology, 
and other courses in biology and biochemistry; (2) an expanded outreach program engaging Baltimore-area high school students and teachers in 
studies of the biology of the Chesapeake Bay, using the bay as a science Iaboratoiy; and (3) broadening opportunities for student laboratory expe- 
riences through on- and off- campus collaborations, to include student stipends, housing, and travel to present research results. 

Wheaton College, Wheaton, Illinois 

$550,000 to support (I) a program to attract and retain students, particularly those from minority groups underrepresented in the sciences at 
inner-city Chicago schools, through laboratory instruction in biology, chemistry, and mathematics, tutoring, and peer counseling by college stu- 
dents from similar backgrounds; and (2) acquisition of laboratory equipment and computers for data analysis, simulations, and other applications. 



Undergraduate Science Education 



53 



Williams College, Williamstown, Massachusetts 

$500,000 in support of (I) equipment, and renovations for introductory biology laboratories and classrooms, and equipment for interdisciplinary 
biology programs in neuroscience, biochemistry and molecular biology, or biophysics, and for a science and mathematics resource center; (2) out- 
reach activities, such as the expansion of a high school outreach program and development of an elementary school outreach program involving 
curriculum development and a summer camp for children in grades one through six; and (3) an expanded summer research program for under- 
graduates. 

Wofford College, Spartanburg, South Carolina 

§700,000 to support the following activities: (1) expansion of a two week summer residential precollege science program for gifted 6th-, 7th-, and 
Mi-graders from seven school districts in Spartanburg, South Carolina; (2) the acquisition of instructional laboratory instrumentation for teach- 
ing undergraduates the analysis uf biological, chemical, and physical systems; and (3) a summer research program to include research teams con- 
sisting of College faculty, Wofford undergraduates, and middle/high school students. 

Xavier University of Louisiana, New Orleans, Louisiana 

$1,400,000 to support a program for attracting and retaining students in the sciences, including women and members of underrepresented minori- 
ty groups, through the following activities: (1) academic development and other < ur/ f jort for biology and chemistry majors, to include financial 
assistance for freshmen, academic advising for biology and chemistry students through counseling and tutoring, and placement into summer labo- 
ratory research programs, and (2) summer academic enrichment programs in biology, chemistry, and mathematics for students from the 9th 
through 12th grades primarily from metropolitan New Orleans, and support for junior and high school teachers to develop new teaching materials. 
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The Institute has developed sev- 
eral initiatives in precollege science 
education, principally to encourage 
students to choose scientific 
careers, to provide research oppor- 
tunities and new teaching tools to 
teachers, and to address national 
concerns about the low level of gen- 
eral scientific knowledge and inter- 
est among both school-age and 
adult populations. Among the fac- 
tors considered in the development 
of these programs are the major 
findings of the Institute-supported 
National Research Council study 
Fulfilling the Promise — Biology Edu- 
cation in the Nation's Schools. In 
addition, new national initiatives in 
science education and the results of 
precollege-oriented outreach activi- 
ties currently supported under the 
Institutes undergraduate science 
education program have been taken 
into account 

The Institute's initiatives are 
designed to stimulate the scientific 
community to work with teachers, 
school administrators, other educa- 
tors, and students at all school lev- 
els. The main objectives are to stim- 
ulate children's interest in science 
and to improve science education 
through revision of curricula, 
improvement of classroom prac- 
tices, enhancement of teacher edu- 
cation (initial and continuing), and 
augmented teacher recruitment. 
The newest Institute initiative in 
precollege science education 
encourages a larger role for practic- 
ing scientists in every aspect of edu- 
cation reform, from textbook devel- 
opment to teacher training. 



Precollege Science 
Education Initiative for 
Museums 

In 1991 the Institute announced its 
first round of competition for a pro- 
gram in the area of elementary and 
secondary school education — a pro- 
gram of precollege science educa- 
tion grants for museums. The first 
awards, totaling $6.4 million, were 
made in June 1992 to 29 institutions, 
including children's and youth 
museums, natural history museums, 
and science and technology centers. 
In 1992 the Institute announced a 
second round of competition, 
extended to include not only science 
museums but also £ .iaria, botanical 
gardens, and zoological parks. A 
total of $4.25 million was awarded in 
August 1993 to 22 institutions. 

Throughout the science museum 
program, the Institute has awarded 
$10.65 million to 51 institutions, 
including science museums, aquaria, 
botanical gardens, and zoos (Figure 
42). Of this amount, approximately 
53 percent is going to children's and 
youth activities, 33 percent to teach- 
ers and curriculum development, 
and 14 percent for science outreach 
to families and communities. 

With a major focus on elementary 
school-age children, this initiative 
complements the precollege out- 
reach activities funded through the 
Institutes undergraduate science 
education program. These have 
been geared primarily to secondary 
school students and teachers. The 
new initiative is intended to further 
the efforts of museums and related 
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Precollege Science Education Initiative for Museums, 
Awards to 51 Institutions Including Aquaria, Botanical 
Gardens, and Zoos ($10.65 million), by Program 
Component, 1992 and 1993 Competitions 



Families/community groups 
SI.55 million (14%) 



Children and youth 
$5.6 million (53%) 



Teachers/curriculum 
$3.5 million (33%) 




institutions in developing science 
education programs for children and 
youth, for teachers, and for families 
and community groups. 

Natural history museums, aquar- 
ia, botanical gardens, and zoos offer 
a variety of education programs for 
children on topics related to organ- 
ismal biology, ecology, genetics, 
and evolution — subject areas widely 
recommended for emphasis in the 
early and middle school grades. 
These institutions also employ 
interactive exhibits to foster certain 
types of learning styles (e.g., curios- 
ity-motivated and exploratory learn- 
ing) that are not easily nurtured in 
formal school settings. For many 
children and their families, living 



collections are the primary source 
of informal science education. 

Museums and related institu- 
tions also train teachers and assist 
them in instructing their students to 
develop problem-solving skills and 
curiosity in settings where they can 
enjoy learning through exploration. 
Further, these institutions play sig- 
nificant roles in stimulating parental 
and communal involvement in the 
science education of children and 
youth. Among the activities of par- 
ticular interest to the Institute are 
those involving disr^vantaged and 
underserved minority youth and 
those bringing museum programs 
to families and youth groups in 
rural and urban areas with limited 
science resources. 
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Science Museum Program Directors 
Meeting 

A meeting of the science museum 
program directors was held Sep- 
tember 13-15, 1993. There were 57 
attendees from 29 museums that 
received Institute awards in 1992. 
The meeting focused on how muse- 
ums can create partnerships in sci- 
ence education at the state and local 
levels with schools, families, youth 
organizations, and community 
groups (Figure 43). 



The keynote address was given 
by Dr. Robert Hazen, a geophysicist 
at the Carnegie Institution of Wash- 
ington and coauthor of Science Mat- 
ters. Dr. Hazen made a strong case 
for science education activities 
through which average citizens, 
regardless of vocation, will come to 
understand the scientific concepts 
reported in the news and relevant to 
their daily lives in matters of health, 
the environment, and even the 
economy. Museums meet a special 
need in regard to this goal because 
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of their emphasis on interactive 
exhibits and their connection with 
young audiences and their families. 

The diversity of the institutions 
and communities involved in this 
initiative has produced a variety of 
approaches to forming science part- 
nerships. Underlying similarities 
were evident, however, as partici- 
pants described strategies, chal- 
lenges, successes, and future objec- 
tives of their programs. In many of 
the sessions, discussion focused on 
collaboration with schools, recruit- 
ment of girls and minorities for pro- 
grams, orchestration of effective 
outreach endeavors, and changing 
the perception of the museum's role 
in science education. 

The meeting was enormously 
beneficial to the participants, many 

Figure 44 



of whom do not have the resources 
to attend national conferences. It 
provided an exceptional opportunity 
to meet colleagues and consult on 
program activities. It is clear that 
Institute support will have a con- 
structive impact as the museums 
develop science education pro- 
grams addressed to elementary 
school children and their parents 
and teachers. Institute support has 
been an important catalyst for such 
programs in the institutions' com- 
munities. Conference proceedings 
will be published early in the spring 
of 1994. 

Awards, 1993 

Under the museum program, a total 
of $4.25 million was awarded in 
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August 1993 to 22 institutions (Fig- 
ure 44). Recipients included chil- 
dren's and youth museums, natural 
history museums, science and tech- 
nology centers, aquaria, botanical 
gardens, and zoos. The awards 
were made on the basis of reviews 
by an external panel of scientists, 
educators, and museum program 
experts, with final determinations 
by the Institute management and 
Trustees. Over the next five years, 
these awards will support curricu- 
lum enhancement, teacher training, 
and science activities for young peo- 
ple, with special attention to minori- 
ty and disadvantaged populations, 
both urban and rural. 

Children's and Youth Programs 

The 1993 grants to museums and 
related institutions are supporting 
programs designed to enhance 
young people's interest in biology 
and related disciplines and their 
understanding of these fields. All 
the projects encourage the partici- 
pation of girls and of minorities 
underrepresented in the sciences. 
Of the $4.25 million, over half — 
$2.35 million — is dedicated to activi- 
ties for children and youth. Among 
the approaches being supported are 
those that encourage the involve- 
ment of students in after-school and 
summer science activities, includ- 
ing educational programs that ease 
the transition of underserved minor- 
ity youth from elementary to sec- 
ondary school, and programs for 
youth in both rural and urban areas 
(Figure 45). 



Figure 45 



Children's and Youth Programs 



Audubon Institute, New Orleans, Louisiana 

A yearlong life science immersion program will be provided for 540 
upper-elementary public school students over the five-year grant period. 
The program will also include professional development acti\ities for 
classroom teachers at participating schools and a family componertl for 
adult role models to engage in science activities with their children. 



Chicago Academy of Sciences, Chicago, Illinois 

Science Scene: KIDS and TEENS is an outreach program that aims to 
enhance biology and ecology education for 324 disadvantaged minority 
teenagers and children. The Museum's resources will be combined with 
those of Northwestern University Medical School and the sociaJ service 
resources of the Chicago Housing Authority. Science Scene will create an 
environment conducive to science learning and inquiry. 



Children's Museum, Boston, Massachusetts 

Inquire Within; A Personalized Approach to Environmental Exploration 
will be developed in collaboration with the Boston public schools. Partici- 
pants will be approximately 400 oth-grade students and teachers, and the 
children's families will alsotaxe part. The explorations start with develop- 
ing an understanding that one's body responds to environmental stimuli. 



Pratt Museum, Homer, Alaska 

Homer K..,h School, using the skeletal remains of a salvaged whale as well 
as human and marine resources unique to the area, will develop a multi- 
disciplinary approach to science education. Study of the natural history of 
whales will range from local marine biology to broader issues of ocean 
conservation. Through an interdisciplinary, hands-on approach, current 
regional work in marine science will be explored. 



South Dakota Discovery Center, Pierre, South Dakota 

An outdoor ecostudy area will be developed on rive-acre Discovery Island 
in the Missouri River. The Center will prepare a K— 12 science education 
program to study (1 ) water quality and its effects, (2) the biology of the 
wetlands, (3) the ecology of the Missouri Basin, and (4) advanced topics 
in high school biology. Eventually the program will be available to all of 
the area's rural and reservation schools. 



A number of the funded propos- 
als involve organized collaborations 
between museums, aquaria, botani- 
cal gardens, zoos, and schools. In 
such coupling, activities may take 
place at either site — e.g., field trips, 
classes, demonstrations, sponsor- 
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Teacher Training and Curriculum 
Enhancement 

Academy of Natural Sciences, Philadelphia, 
Pennsylvania 

Teaching resource kits, containing materials from the Academy's collec- 
tion, and curriculum materials will be developed to enable science teach- 
ers to introduce object-oriented instruction into their classrooms. The 
project is directed to middle school teachers and students, grades 5-8, in 
the Philadelphia area. 



Missouri Botanical Garden, St. Louis, Missouri 

Forty elementary teachers each year will learn organismal and ecological 
biology, practicing with participants in a summer science camp and incor- 
porating instnctional improvements in their classro -nis. In addition, 240 
inner-city children will be trained in these fields. A hands-on investigative 
approach to teaching will be used throughout. 



National Aquarium in Baltimore, Baltimore, Maryland 

Support will go to the Baltimore public schools to implement STARS (sci- 
ence: thinking, application, and research skills), a new science curriculum 
designed to meet the needs of urban children. The Aquarium will enhance 
the background of elementary school teachers through workshops, field 
experiences, and kits. Enrichment classes will be provided for 2nd- to 
3tb-grade students. 89 percent from minority groups. 



New York Hall of Science, Corona, New York 

Seventh-grade life science teachers will be trained in microbiology and 
furnished with materials, equipment, and a support system. Topics of 
teacher training will include microscopes, collection and maintenance of 
microorganisms, pathogens and the immune response, and the ethics of 
genetic engineering. A hands-on, interactive approach to teaching and 
learning science will be used. 



Staten Island Children's Museum, Staten Island, 
New York 

Staten Island elementary school teachers will be supplied with Iraininj! 
and tools to teach science in an imaginative and engaging fashion. The 
Children's Museum will off r science resources for hands-on science 
exiKTimcnts, teacher trainh,£ m the use of \isual and dramatic arts for 
teaching science to elementary school children, and an eight-week Muse- 
um residency at each school. 



ship of science clubs, and loans of 
materials, exhibits, or artifacts. 
Another significant focus is on proj- 
ects that involve students in a vari- 
ety of science-related experiences — 
research experiments, docent or 
"explainer" activities, exhibition- 
related opportunities, etc.— begin 
ning in elementary school and con- 
tinuing through the secondary 
school years. In many of these pro- 
grams, efforts will be made to 
involve older children in teaching 
science to younger ones, 

Teacher IVaining and Curriculum 
Enhancement 

The Institute's initiative for precol- 
lege science education is intended, 
in part, to provide opportunities for 
pre-scrvice preparation and in-ser- 
vice training for teachers of biology 
and related disciplines. Many of the 
activities funded in 1993 involve 
development or distribution of 
instructional materials and/or 
teacher training, with the primary* 
focus on in-service initiatives. Of the 
$4.25 million, $1.4 million is dedicat- 
ed to l each or- and curriculum-relat- 
ed activities (Figure 46). Through 
support from the Institute grants, a 
significant number of institutions 
will develop inquiry-based instruc- 
tional materials and kits, with an 
emphasis on distribution to teach- 
ers working with limited resources 
in rural and urban environments. In 
many cases, the Institute's grant 
will enable biology educators to 
establish and maintain procollogc 
science* education programs. 
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Family and Community-Oriented 
Programs 

Recognizing that parental and com- 
munity involvement in science edu- 
cation will foster young people's 
interest in science, the Institute des- 
ignated family and community- 
oriented science education activities 
as a major priority for the 1993 initia- 
tive (Figure 47). Of the $4.25 mil- 
lion, $500,000 is for family and com- 
munity group activities. The new- 
grants are supporting a variety of 
exciting approaches involving fami- 
lies, youth organizations, and com- 
munity groups in the educational 
activities of museums and related 
institutions. Some of the projects 
provide opportunities for parents 
and other child care providers 
(after-school program directors, 
church groups, Girl and Boy Scout 
leaders, etc.) to be involved in learn- 
ing science with children. Several 
grants will support outreach efforts 
that bring museum resources to 
rural families and youth groups with 
limited science teaching resources. 

Evaluation and Assessment 

Each year, grantee institutions are 
required to submit an annual pro- 
gram repoil containing information 
that focuses on both quantitative 
and qualitative measures. The num- 
bers and types of participating stu- 
dents, teachers, and families are 
tracked for each grant recipient, and 
the status of development of auricu- 
lar materials is assessed. In addition, 
efforts will be made to determine 
more subtle, qualitative, and long- 
term impacts of the programs, such 
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Family and Community-Oriented Programs 



Health Adventure, Asheville, North Carolina 

Biomedical Sciences D i sc overy Sat urdays will rely on retired biomedical 
scientists from the North Carolina Center for Creative Retirement to con- 
duct weekly sessions. Participants will be disadvantaged and minority 
children in grades K—l and their parents or grandparents. The goal is to 
'each 2,000. Families in remote areas will be involved through Traveling 
Trunks, a community outreach program. 



Sacramento Science Center, Sacramento, California 

The Community Partnership Science Project, addressed to K-9 students 
at risk for school dropout, is a multiyear,' inquiry-hased, hands-on program 
of science instruction. It includes introductory science experiences in 
youth centers, a summer science camp, volunteer work, and paid employ- 
ment at the Museum. The project is targeted to youth in North Sac ram en- 
io, an economically depressed area with a 6o-percenl minority population. 



Woodland Park Zoological Gardens, Seattle, 
Washington 

Volunteers from a local African American church will be trained as 
docents. By extending contacts with the minority community, the zou 
hopes to become a community-wide educational resource. During the 
grant period, the zoo will offer hands-on classroom presentations and field 
trips for some 500 nth- and 6th-graders. Community outreach programs 
will be conducted in environmental and wildlife conservation. 



as levels of involvement and interest 
in learning science among families, 
participating schools, and the gener- 
al community. 
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Precollege Science 
Education Initiative for 
Biomedical Research 
Institutions, 1994 
Competition 

Hands-on laboratory experience is 
increasingly recognized as neces- 
sary to learning science and prepar- 
ing to teach science. It instructs one 
to observe, hypothesize, and theo- 
rize, and to develop methods by 
which to generate knowledge. It 
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1994 Preeollege Science Education 
Initiative for Biomedical Research 
Institutions 

Program Areas 
■Student research or hands-on science opportunities 
■Teacher training 

■ Curriculum development and implementation 



Goals 

■ Enhancing nrecollege education in biology aftd related fields 

■Attracting students to biology and related sciences by providing 
opportunities to work with scientists in clinical and basic 
research settings 

■ Developing programs rich in scientific content that incorporate 
teaching methods appropriate to the subject matter and the popu- 
lations to be served 

■ Increasing interest in science education and research careers 
among girls and minorities, including African Americans, Hispan- 
ics, Native Americans, and other groups underrepresented in the 
sciences 

■ Using the extensive resources of medical schools, academic health 
centers, and research institutions to provide teachers with 
increased knowledge, technical resources, and professional sup- 
port 

■ Establishing long-term partnerships between science-rich institu- 
tions and school systems to improve and revise preeollege science 
education 

Eligibility 

■Among the 258 biomedical research institutions invited by HHM1 
to submit proposals are: 

121 medical schools 

85 academic health centers 

52 independent research institutions 

Awards 

■Approximately $5 million in total grants 

■ Five-year awards from 5 1 00.000 to §500,000 

■ Grant awards will be announced in June 1004 



promotes the concept of biology as 
an experimental science, not just 
something to be learned through 
iectures and reading. Finally, the 
collection and interpretation of data 
are best taught by trial and error, 
with opportunities for analysis of 
results and modification of experi- 
mental design. 

The use of laboratories in teach- 
ing biology, however, is limited and 
has been declining nationally for 
many years. Some reasons for this 
decline are reductions in school 
resources for supplies, equipment, 
and laboratory space; lack of labora- 
tory experience in teacher prepara- 
tion; and the drive io include more 
curricular content every year, with 
resulting demands on students' 
time during the school day. In 
response to this educational deficit, 
more institutions of higher educa- 
tion have opened the doors of their 
laboratories to high school teachers 
and students, thus offering them 
both research experience in well- 
equipped and exciting environ- 
ments and exposure to working sci- 
entists as mentors to students and 
partners to teachers. 

Preeollege outreach is a growing 
activity of undergraduate and grad- 
uate academic institutions. In recent 
years medical schools, teaching 
hospitals, and independent research 
institutions have also taken an inter- 
est in providing science education 
outreach to schools in their commu- 
nities, recognizing that the future of 
preeollege science education is 
dependent, in part, on the active 
participation and interest of scien- 
tists and engineers. 
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Virtually every community with a 
medical school or research organi- 
zation views that institution as 
among its most respected and eco- 
nomically important assets. The fac- 
ulty and staff include many trained 
professionals who can influence 
educational policies and practices, 
especially as they pertain to prepar- 
ing young people for future careers 
in medicine and biological research. 
In addition, many medical schools 
are located in inner cities and thus 
offer opportunities to youth current- 
ly underserved in mathematics and 
the sciences. 

With these facts in mind, the 
Institute expanded its support for 
precollegc science education to 
include other science-rich institu- 
tions with a potential for science 
education outreach to students and 
teachers (Figure 48). The 1994 
grants competition is open to med- 
ical schools, academic health cen- 
ters, and independent research 
institutions. Since the purpose of 
the initiative is to provide hands-on 
research experience and science 
education for students and teach- 
ers, eligible institutions must have 
an active research program with 
staff members on site who are will- 
ing to give their time and effort to 
the program. Within an academic 
health center, research hospitals as 
well as medical schools qualify and 
were invited to c mpete. 

As with the 1992 and 1993 
awards, proposals will be evaluated 
by an external panel of scientists, 
science educators, research and 
education administrators, and oth- 
ers with relevant expertise. The 
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advisory panel's evaluations and 
recommendations are reviewed by 
the Institute management. Recom- 
mendations are then made to the 
Trustees, who authorize funding. It 
is anticipated that up to $5 million 
will be awarded under this initiative 
in June 1994. All grants will have a 
five-year term and are expected to 
range from $100,000 to $500,000. 



Woodrow Wilson National 
Fellowship Foundation, 
National Leadership 
Program for Teachers 

The Woodrow Wilson National Fel- 
lowship Foundation, based in 
Princeton, New Jersey, was estab- 
lished after World War II to encour- 
age people to enter college teach- 
ing. To date, more than 18,000 fel- 
lowships have been awarded to this 
end. In the mid-1970s the Founda- 
tion created a teacher fellowship 
program in which selected liberal 
arts graduates were recruited and 
trained for secondary-school teach- 
ing careers. These fellows obtained 
teaching experience and completed 
graduate studies. 

In the early 1980s the Founda- 
tion switched its training emphasis 
altogether from college teachers to 
precollege teachers. Earlier teacher 
fellowship piograms were replaced 
with a program for exceptional sec- 
ondary school teachers, called the 
Science and Mathematics Leader- 
ship Institutes. The purpose is to 
create cadres of teacher leaders to 
disseminate new knowledge and 
approaches to teaching on a nation- 
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Woodrow Wilson National Fellowship 
Foundation, National Leadership Program 
for Teachers 



Award 

■ $1.6 million 

■Three-year grant term (June 1993-August 1996) 

Summer Biology Institute at Princeton University 

■ Four-week institute 

■ Fifty teachers selected in national competition 

■ Intensive research and lecture experience in biology. Past insti- 
tutes included these topics: 

A Further Look at Biotechnology 

Immunology and Vaccine Development 

Evolutionary Biology 

■ Development of curricular materials and laboratory manuals for 
dissemination. Previous laboratory exercises included: 

Demonstrations usmgAgrobacterium tumors 

Clonal lineage experiments with transposons in tobacco plants 

Characterization of HLA types 

Examination of antibiotic resistance of bacteria 

Isolation of DNA 



al basis. Participants are selected - 
through a national competition op 
the basis of demonstrated leader- 
ship abilities. Some are chosen to 
take the results of the four-week 
institute into the field the following . 
summer and teach one-week sum- 
mer outreach institutes around the 
country. 

HHMI awarded a three-year 
grant of $1.6 million to the Founda- 
tion to fund summer institutes for 
high school biology teachers (Fig- 
ure 49). The award will support an 
intensive four-week summer insti- 
tute in biology for 50 such teachers. 
In 1994 the program will be extend- 
ed to various sites around the coun- 
try, through outreach by teachers 
who have attended the summer 
institute. Through these institutes, 
participants who have been recog- 
nized locally for their excellence in 
teaching are given the opportunity 
to interact with other exceptional 
teachers. 



One-Week Summer Outreach Institutes 

■Twenty-eight sites 
■Approximately 40 teachers per site 

■Site selection based on present lack of opportunities for teacher 
training 

■ Master teachers selected from four-week summer institutes to 
present and explain materials 



Precollege Science 
Education Initiative for 
Museums — Overview, 1992 
Awards 

The 29 institutions receiving funds 
in 1992 submitted their first set of 
annual program reports in May 
1993. For many institutions, the first 
school year of the Institute-funded 
program was just ending, and for 
others offering summer courses, 
emphasis was on planning rather 
than implementation. The reports, 
however, give a preliminary view of 
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Museum Program: Teacher Participation, 1992 Awards 

Number of teachers 

3,500 




Figure 51 



Museum Program: Student Participation, 1992 Awards 

Number of students 
40,000 
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Museum Program: Student Participation by Grade 
Level, 1992 Awards 



Grades 9-12 
(6%) 



Grades 4-5 
(34%) 




Figure 53 

Museum Program: Adult (Family) Participation, 
1992 Awards 
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the magnitude and diversity of the 
programs. 

In the first year of the initiative, 
about 37,000 students, 3,370 teach- 
ers, and over 4,300 adults (family) 
participated in Institute-funded pro- 
gram activities. Of the teachers, 28 
percent were minority and 56 per- 
cent women (Figure 50). Of the stu- 
dent participants, 28 percent were 
minority children and 50 percent 
were girls (Figure 51). 

Over half of the students 
involved in the science education 
programs (51 percent) were very 
young — pre-kindergarten to 3rd 
grade — confirming the Institute's 
commitment to provide exposure to 
science at the earliest school levels. 
An additional 34 percent of the chil- 
dren were in grades 4 and 5, and 9 



percent were in grades 6 and 8. 
Only 6 percent were in grades 9 
through 12 (Figure 52). 

Nearly half of the children enter- 
ing the museum programs did so 
through other schools. The remain- 
der took part, in general, on site at 
the museum. Other venues for 
museum outreach included pro- 
grams offered in community cen- 
ters, shopping malls, and libraries. 
Minority participation in family-cen- 
tered programs was close to 40 per- 
cent (Figure 53). Participation often 
took the form of classes or work- 
shops, or collaboration with teach- 
ers and museum staff members in 
outreach programs. 

The second reporting year 
(1994) will provide more compre- 
hensive data. Some trends will 



Figure 54 

Summary of Local Science Education Grants, 
1990-1995 



Year(s) Program 

1990- L994 Montgomery County Public Schools 

Student anri 1 eacher In(ern Program 
at the National Institutes of Health 

1 990- 1 093 Cold Spring Harbor Laboratory 

Biotechnology Program with the 
Montgomery County Public Schools 

1990-1995 Howard Hughes Medical Institute. 

Summer Research Fellowship Program 
at the National Institutes of Health 

1990-1995 Carnegie Institution of Washington 

First Light Program ^ 

1992, 199IJ Maryland Science Week 

1993-1995 ^ Chesapeake Bay Foundation Science 
m and Environmental Education Program 

with the Montgomery County Public Schools 

Total 



Awards 
(total to date) 

$611,000 
$219,500 
8300,000 

SG5,O00 

SI 5,000 
$75,000* 

$1,345,000 



'First near of a three-year program. 
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begin to emerge regarding partici- 
pation rates and participant charac- 
teristics, the nature of the pro- 
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Montgomery County Public Schools, 
Maryland, Student and Teacher Intern 
Program at the National Institutes of 
Health, 1992-1993 

Participation 
■Three teacher interns and 16 student interns in 1992-1993 

Examples of Student Research Projects in NIH 
Laboratories 

■ Role of the GFAP Basal Promoter in Astrocytes 

Solmaz Tadjer-Ardebili 
Bethesda-Chevy Chase High School 

Franklin Hempel, Ph.D., and 

Michael Brenner, PruD., preceptors 

National Institute of Neurological Disorders and Stroke 

■Nitric Oxide Protection 

Robert Levendosky 
Albert Einstein High School 

Paul Russell, Ph.D., preceptor 
National Eye Institute 

Examples of Teacher Research Projects in NIH 
Laboratories 

■ A Study of the Binding Potential of One Class of Tetrahydro-p-Car- 
bolines to the GABA/Benzodiazepine Receptor Complex in Rat 
Frontal Cortex and Cerebellum 

Howard Edward Schneck 
Bethesda-Chevy Chase High School 

Esther Sternberg, M.D., preceptor 
National Institute of Mental Health 

■ Studying the Murine Leukemia Virjs to Advance Understanding of 
Reverse Transcriptase 

AlLx E. Pratt 

Albert Einstein High School 

Judith Levin, Ph.D., and Robert Crouch, Ph.D., preceptors 
National Institute of Child Health and Human Development 



grains, and early successes and fail- 
ures. 



Local Precollege Education 
Initiatives 

Since 1990 the Institute has award- 
ed over $1.3 million to local precol- 
lege science education activities in 
the Washington metropolitan area 
(Figure 54). These activities range 
from intensive year-long research 
experiences for high school stu- 
dents and teachers to Saturday sci- 
ence programs for elementary 
school children. In addition, the 
Institute annually supports Mary- 
land Science Week activities 
through the Maryland Science Cen- 
ter in Baltimore. By providing 
unique opportunities for students 
and teachers to gain hands-on expe- 
riences in the science classroom 
and the research laboratory, the 
Institutes local science education 
initiatives address national concerns 
at the local level regarding the state 
of science education. 

In 1993 the Institute awarded 
three grants for the continuation of 
precollege life-science education 
projects initiated over the last sever- 
al years in the greater Washington, 
D.C., area, the local community of 
the Institute headquarters. A prima- 
ry goal of these grants is to increase 
Ihe interest of girls and minority 
group members in pursuing science 
and science-oriented careers. 

In many of the local science edu- 
cation programs funded by Ihe 
Institute, partnerships between 
schools and scientific and educa- 
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tional resources are unlocking 
doors to new ways of learning sci- 
ence. Among participating institu- 
tions are the National Institutes of 
Health, Carnegie Institution of 
Washington, DNA Learning Center 
of Cold Spring Harbor Laboratory, 
and Chesapeake Bay Foundation. 

Two of the 1993 grant awards 
link area high school students and 
teachers with biologists at the 
National Institutes of Health in 
Bethcsda. where participants are 
involved in intensive research expe- 
riences for a full year. The Mont- 
gomery County Public Schools Edu- 
cational Foundation. Inc., received a 
$150,000 Institute grant to extend 
the student and teacher intern pro- 
gram initiated as a pilot project in 
1990. The grant gives 16 students 
and 3 teachers from Montgomery 
County high schools an opportunity 
to work in NIH laboratories full 
time in the summer and part time 
during the school year. A grant of 
§lfi.00() was also awarded in 1993 to 
the Office of Education at NIH in 
support of activity's related to the 
student and teacher intern program 
(Figure 55). 

Under three-year grants to che 
Cold Spring Harbor Laboratory 
($46,500) and the Montgomery 
County Public Schools Educational 
Foundation. Inc. ($17:5.000), the 
Institute lias supported week-long 
biotechnology laboratory training 
institutes for Montgomery County 
high school biob fry teachers. To 
date, approximately 48 teachers 
have participated. In addition, the 
grants provide for a van and its 
stock of sets of equipment for eon- 



ducting classroom laboratories 
using recombinant DNA technolo- 
gy. Under this biotechnology pro- 
gram, the teacher participants are 
working to develop curricula and 

Figure 5G 



Howard Hughes Medical Institute Summer 
Research Fellowship Program at the 
National Institutes of Health, 1992-1993 



Summer 1993 Fellows 

■ 27 first-time 

■ 12 returning 

Stipends 

■ High school students. $2,000 

■ Returning college students, $2,500 

Examples of Student Research Projects in NIH and 
FDA Laboratories 

■The Expression of poJ in the wyr-Induced Tumors of Transgenic 
Mice 

Jocelyn Gibbon 

II-B Wood lawn Secondary Program 
Arlington, Virginia 

Steven Bauer, Ph.D., preceptor 
l : .S. Food and Drug Administration 

■Adeno-Associated Virus as a Delivery System of Protective Genes 
Against HIV 

Gnang-Shing Cheng 
Harvard University 

(Winston Churchill High School, Class of 1092) 

Mary E. Klotman, M.D., preceptor 
National Cancer Institute 

■Nucleotide Binding In Cystic Fibrosis Transmembrane Conductance 
Regulator and Associated Proteins 

Charles Andrew Fox 

University or Maryland 

(.Jewish Day School, Class of 1091) 

Harvey B. Pollard, M.D., Ph.D., preceptor 

National Institute of Diabetes and Digestive and Kidney Diseases 
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student laboratory exercises on 
microbiology and bioethics. 

The Institute is also supporting 
summer research experiences for 

Figure 57 

Chesapeake Bay Foundation Science and 
Environmental Education Program with 
the Montgomery County Public Schools 

Award N 

■ $295,000 

■ Three-year grant term (August 1993-August 199G) 

■ Collaborative program between the Montgomery County Public 
Schools and the Chesapeake Hay Foundation for science and envi- 
ronmental education activities 

Field Programs for Elementary Students 

■ Approximately 2,000 County students each year 

■ Sixteen Bay-wide programs of field experiences aboard boats, 
along streams, and in watershed marshlands 

Take physical, chemical, and biologic samples 

Make observations, operating spectrophotometers and other 
equipment 

Learn aquatic chemistry, oyster productivity, Fish migration, and 
changes in disease rates of aquatic animals 

Learn how to keep records and to collate and analyze data 

Training for Secondary Science Teachers 

■ Summer teacher training workshops 

■ Environmental science as a focus 

■ Six weeks 

Global Ecology Program for Students 

■ Grades 9-12 

■ Four-year program in mathematics and science at Poolesville 
Junior/Senior High School 

■ Interdisciplinary investigation of the earth's ecosystem at the 
local, regional, national, and international levels 



high school students and under- 
graduates under the local grants 
program (Figure 56). Through a 
five-year grant awarded in 1990 to 
the Foundation for Advanced Edu- 
cation in the Sciences at NIH, about 
35 local high school students each 
year spend their summers doing 
biology research in NIH laborato- 
ries at Bethesda, Maryland. The 
grant also enables several of the 
participants to return to NIH labora- 
tories after their first or subsequent 
years in college. 

A $295,000 three-year grant to be 
shared by the Chesapeake Bay 
Foundation and the Montgomery 
County Public Schools supports a 
collaborative program for science 
and environmental education activi- 
ties (Figure 57). The Bay Founda- 
tion and the County schools have 
worked together on science pro- 
grams since 1975, Each year, about 
2,000 County students will join 
Foundation educators and scientists 
in 16 Bay-wide programs of field 
experiences aboard boats, along 
streams, and in watershed marsh- 
lands. Trip activities include taking 
physical, chemical, and biologic 
samples, making observations, 
operating spectrophotometers and 
other equipment, and learning 
aquatic chemistry. Students are 
taught how to keep records accu- 
rately and to collate and analyze 
data, particularly data concerning 
trends in aquatic chemistry, oyster 
productivity, fish migration, and 
aquaiic-anima] disease rates. Coun- 
ty teachers take part in the summer 
teacher training workshops, which 
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will be expanded under ihe Institute 
grant. 

The grant also supports collabo- 
ration between the Chesapeake Bay 
Foundation and the Global Ecology 
Program a- Poolesville Junior/ 
Senior High School in Montgomery 
County, an innovative tour-year pro- 
gram in mathematics and science 
that encompasses an interdiscipli- 
nary investigation of the earth's 
ecosystem with emphasis on bio- 
chemistry. Because the program 



features the Chesapeake Bay in its 
curriculum, strong cooperation with 
the Chesapeake Bay Foundation 
will enhance the effort. 

A new local activity established 
by the Institute is a series of holiday 
lectures for high school students. 
The lectures are held in the confer- 
ence center at Institute headquar- 
ters in Chevy Chase, Maryland. The 
speakers are scientists who are 
known to be effective in communi- 
cating science to the general public 
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Howard Hughes Medical Institute Holiday Lectures on Science 



Howard Hughes 
Medical Institute 
Holiday Lectures 
on Science 

Monday December 20 and 
Tuesday. December 21. 199.* 

10:00 a.m. - 12:15 p.m. 

HHM1 Conference Center 
4000 Jones Bridge Road 
Chevy Chase. MD 
20815-6789 



This fir>l in an annual M-ik-v of Howard llti tes 
Medical liiMitnu- Uulklii} L'cutrcs on Sci' av for 
high school students will Ik* delivered hj 

• Stephen k. llurlc). M l).. I). Phil. ".ward 
lluiilk-s Medical liiMiutie \>v»ciaie Inu-Migalor 
and tanciaii' Professor ami Co -head of ihe 
Ulmnuon t if Molecular Hiupliuie.s ;ii The 
Rockefeller I ni\ci>ii\ in New York Oh. anil 

• John Kiirixan. IMi.l).. Howard Hughes Medical 
InMiuile ImeMitytor anil I'nifesMir of Molecular 
Hioplnsici ai The Rockefeller L'nKersiiy. 



Monday, December 20 

Molecular Anatomy: First 
Visions of New Worlds 
Stephen K. Burley 



I niiunln d:i \iiin :iikI HinMiiplier ('.<ihiiiibti\ were Ml' 
Inur u\ir\<dd m 1 n<» wllcii H.llll\ ^ C'omcl hi tiji llir mt^lu 

sk\ nf ilmr naiiw hah lu r.ildtn^ a new .me iifdiHincn 
hml i ii|)im iht- Mtiiuv uf iiliH'rvuiniii Tfidiit. Mninunil 
luuluaNh an- mi-hic fur tin- firM lime mam nf iSie nude- 
eiik-N uf lifr .md making ilieir nun excursions mm ;i 
iiuiaplwncal in* world Instead of ships and n'alpi-N. 
Iiiiwi-ht. ilm arc iiMiis experiment^ nmh demed Jnim 
plnMi'N and ihi-niiMrv in Ji^nfl and understand die 
funcnnii.s nf |iriiK-iiN and l)W in ihc a-II 



77/ e Evolution and Variation 
of Protein Structure 
John Kuriyan 



flu- w>U'4i- <d die \ntiiii; naturalN (.'h:irk> Daniin .ibciard 
[lie 1 1 lu-.ijjle e\|iiiMTl hint in tropical wildlife almost 
iiiiiiiiufjjuahli* in ii> iariii\ and splendor I I it- dinll of sec- 
mi; undreamed-of plants and animals i> difficult in recap- 
ture. Inn Mime nf thai euiletnenl is regent-rated m die 
modern field «f structural hiohig) Although pruttui link- 
ciih-s mv ahum a hdliuii inni — smaller than a Apical plant 
ur animal, each ha* a precise and often heatitiful three- 
dimensional Mrncliire lh.it lia> embed In cam nut ,t <pv 
cific fmuiioii TIii h- structures and hummus I'hanja.- nwr 
e\uliitmiun lime, ninth like die external forms uf die 
livinij organisms uf ulurli dic-v an- :i pari. 



Lunch 
12:15- 



1:30 p.m. 



TAiesday, December 21 

The Central Dogma: DNA 
Makis RNA Makes Protein 
Stephen K. Burley 



Himiiiditmi areil lift*. ii> l»\\ hlih-prini is n insulted ;uid mier- 
prvttil in n^xuM' m uWlopmcnul ;uid timnmiwntd signals 
Ucessin this mfcinii.tfii in i> unltcstraied In niscniblesofinw- 
scnptinii f;icuir» ;u^nililu> of prwems iliai iycokjii/i' 
\)\\ vi|«cnct> and tliiliiie chillier ilie en/uur RY\ pok- 
nierjM- manufactures j iiuvm-tijiit RW enp\ of die pine 
SulMi|ucnil\. ill's inevvme i> ir.ui>1.Uttl h a lar^t- RW- 
proteai amiplev a ntxiNomc. iiitna linear chain eif ;uitiiwiaiid> 
iluu fnlib ii| 1 1 : i create llie |wnlciii m-t-did I a ilie ci-II 1 lite die 
iniiu-niluiiN ctuupleMn nf thiv biiKlunuatl pn>ct?**>. ^ic^ 
lunJ Mmhi> nf ilu- iiuu.nii.iolcciil.tr machine* re»i»nMbli- for 
hnlli tnuwrquiim ;uid inublation are already o'eklmjj 
imjKiruuu uimiJiln 

Structure and Function 
of DNA Polymerases 
John Kuriyan 



In order in paw i»«ietic mfuniialinii to ilieir nffsprtiiij. all 
living t elk must at Mime nine make a duplicate mp\ nf tin- 
Ct ni-nc mfdrmatiuii encndi'd m their clininiUMUiio \t the 
heart of this rcphcaiiini prucos are aiAmo knnnn a.o 
l)^ \ pukmer.t^ Hum- hi a me* talalv/e ihc pnhmeri/a- 
tiuii nf new nucleic ai id >iraink li.u d nn (he infnrmaliim 
em-oded m the nrijjiiul stnuitl X niv fnsfalloe.rjpliif 
aiiaksh nf die prntcjns llui can\ nut tins essential UL>«k ^ 
ikih hesiiinmn in lead in a detailed Mritcuiral 
iiiiilcrsiaiKliiit* nf the rcpln-aium pr«n-t» 



Lunch 

12:15- 1:30 p.m. 
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and reaching out to students at the 
precollege level. 

The first lectures in the series 
were given in December 1993 by 
Drs. Stephen K. Burlcy and John 
Kuriyan, Howard Hughes Medical 
Institute investigators at the Rocke- 
feller University. Under the title "Da 
Vinci and Darwin in the Molecules 
of Life," they focused on the 
three-dimensional structure of bio- 
logically important molecules and 
their role in health and disease (Fig- 
ure 58). Approximately 190 stu- 
dents from 80 high schools in th^ 
Washington, D.C., area heard first- 



hand about exciting advances in 
biomedical research. 

For additional information on the 
local program grants, including 
summaries of the research projects 
undertaken by the student-teacher 
interns and the summer research 
student fellows at the National Insti- 
tutes of Health and the Food and 
Drug Administration, see Commu- 
nity Partnerships in Science Educa- 
tion, Washington, D.C., Metropoli- 
tan Area Precollege Science Educa- 
tion Initiatives, January 1994. 



Grants for Science Education, 1094 



Precollege Science Education Initiative for Science Museums, 1993 Awards 



Academy of Natural Sciences $100,000 

Philadelphia, Pennsylvania 

Arizona Museum of Science and Technology $250,000 

Phoenix, Arizona 

Audubon Institute $150,000 

New Orleans, Louisiana 

California Museum of Science and Industry $175,000 

Los Angeles, California 

Chicago Academy of Sciences $850,000 

Chicago, Illinois 

Children's Discovery Museum of San Jose $175,000 

San Jose, California 

Children's Museum $275,000 

Boston, Massachusetts 

The Exploratorium $175,000 

San Francisco, California 

Health Adventure $100,000 

Asheville, North Carolina 

Irvine Natural Science Center $125,000 

Stevenson, Maryland 

Milwaukee County Zoo $200,000 

Milwaukee, Wisconsin 

Missouri Botanical Garden $125,000 

St. Louis, Missouri 



National Aquarium in Baltimore 

Baltimore, Maryland 

National Zoological Park 

Washington, D.C. 

New Jersey State Aquarium at Camden 

Camden, New Jersey 

New York Botanical Garden 

New York, New York 

New York Hall of Science 

Corona, New York 

Pratt Museum 

Homer, Alaska 

Sacramento Science Center 

Sacramento. California 

South Dakota Discovery Center and Aquarium,, 
Pierre, South Dakota 



Staten Island Children's Museum ... 
Stater. Island, New York 

Woodland Park Zoological Gardens . 
Seattle, Washington 



,.$125,000 
..$125,000 
..$300,000 
..$175,000 

..$4CV00 
..$250,000 
..$225,000 
..$175,000 
..$125,000 
..$150,000 
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Precollege Science Education Initiative for Science Museums, 1993 Grant Summaries 



Academy of Natural Sciences, Philadelphia, Pennsylvania 

$100,000 to produce teaching resource kits and curriculum materials thai w ill onahk middle school science teachers to introduce object -orient- 
ed, inquiry-based instruction into their classrooms. The kits will contain natural history specimens from the Academy's exhibit collection. 
Accompanying curriculum guides w ill provide lesson plans and suggested activities :o promote inquiry and discussion. I'n to 400 teachers will be 
trained, and 40,000 students, grades 5--S, will be reached in the greater Philadelphia area. 

Teachers will receive pedagogic orientation and training in the use of the kits. Real specimens will be used to stimulate learning in such topics 
as animal behavior, lite cycles, and relationships between animals and their iatats, drawing on the Academy's expertise in aquatic ecology 
research. The lessons will be designed to encourage all students to participate, including those who do not thrive in traditional classroom 
settings. 

Arizona Museum of Science and Technology, Phoenix, Arizona 

$250,000 to create Desert Web. a five-year interactive science outreach program for minority and disadvantaged children, including those study- 
ing English a:, a second language. Teacher workshops vvill cover the integration of hands-on experiments and projects into the 1st- through 
:Jrd-grade curriculum in targeted school districts of the Phoenix area. Desert Web will include in-service class time of Museum staff members. 

The program will use desert -related sciences to encourage students to explore, question, and invo^ato the world around them. Participating 
;eachors will receive Hi hours of initial instruction and 2 hours of subsequent workshops By infusing interactive exhibit it and experimentation 
into school curricula. Desert Web will attempt to breach the linguistic and cultural barriers affect income segments of the Arizona 
population. 

Audubon Institute, New Orleans, Louisiana 

$150,000 to conduct FTN -SCIENCE!, a yearlong life science immersion program for students at me Audubon Zoo and the Aquarium of the Ameri- 
cas, operating entities of the Audubon Institute. Beginning with two neighborhood schools, the program will ofler experiential science education 
for 540 upper-elementary students from public schools over the five-year grant period. A majority will come from minority groups (chiefly 
African American) typically underrepresented in the sciences. The program will also include professional development activities for classroom 
teachers and a family component for adult role models to engage in s'ienee prqjci n with their children. 

FCN -SCIENCE! will explore life science concepts of ecosystems, adaptation, reproduction, growth, and development through the overarching 
themes of survival, species interdependence, and conservation. Students will work close!) with zoo keepers, aquarists, curators, researchers, and 
technicians and, through this interaction, will experience first-hand the tools and practice of professional science. 

California Museum of Science and Industry, Los Angeles, California 

SI 75,000 1') provide a comprehend o educational program for the Museum's increasingly diverse clientele of children, families, and teachers. To 
achieve : .ts gcals, the Museum has formed a partnership with the Los Angeles Inified School District and the Iniversity of Southern 
California. 

Through two live programs, I he Museum expects to reach annualh over 40,000 children "uui adults, including as many as Si) teachers. Your 
Insides Out! features hands-on activities and experiments in human biology. Science Comes Alive! is an established interactive assembly pro- 
gram addressing more complex physiological problems. 

A program for science teachers will develop and present in-service workshops. Through the Iniversity of Southern California, an informal sci- 
ence education course will be ottered for undergraduate, graduate, and continuing education credit. The live programming and the workshops 
will cover topics in human biology such as genetics, the brain, and immunology. 

Chicago Academy of Sciences, Chicago, Illinois 

$350,000 to develop Science Scene: KIDS and TEENS, an outreach program that aims to enhance biology and ecology educat ion for disadvan- 
taged minority teenagers and children. Science Scene wiUcombine the resources of the museum with those of Northwestern Iniversity 
Medical School and the Chicago Housing Authority. It will cover themes and create an environment conducive to science learning and inquiry. 
KIDS will offer informal workshops in science educat ion to Ml) 5th- and (it h-grade students from a housing development. In the TEEN'S compo- 
nent, Northwester:, medical students will mentor 24 economically disadvantaged teens from the Chicago public schools, and the Academy will 
offer training r.i biology and ecology. 

Science Scene will use mentoring to build self-esteem, hands-on experiential learning to generate natural curiosity, and family and teacher 
involvement to create a supportive environment. As a learning experience, the teens will work in the museum and lead the workshops for the 
younger children. The program will provide each age group with appropriate teacher role models who can encourage 1 the students to work for 
their education. 
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Grants for Science Education, 1004 



Children's Discovery Museum of San Jose, San Jose, California 

$175,000 to create and implement BioSITE, a comprehensive environmental research program serving 1,400 low-income, primarily Hispanic 
children, families, and teachers in downtown San .lost'. The Museum's 11-acre site on the banks of the Guadalupe Kivor affords an opportunity to 
study hoth large- and small-scale variables — manmade and naturally occurring—and their impact on a unique urban ecosystem. During I he 
school year, 140 4th- and 5th-graders will participate weekly in an in-depth field work experience. 

Children's Museum, Boston, Massachusetts 

$275,000 to support Inquire Within; A Personalized Approach to Environmental Exploration, involving collaboration between the Children's 
Museum and the Boston public schools. Approximately 400 5th-grade students and teachers, together with the children's families, will partici- 
pate in the five-year development, testing, and dissemination of materials and activities. The project includes summer institutes and workshops 
to train teachers in biology and environmental science; family guides and environmental ponitoring kits for children; teachers guides and kits 
for monitoring body reactions in the schoolyard environment; and a special program of visits to the Museum's floating urban environmental edu- 
cation center. 

Children will first develop an understanding that their bodies respond to environmental stimuli. Anatomy, biology, physiology, meteorology, and 
ecology will be addressed through inquiry-based investigations. For example, students will increase their understanding of human anatomy and 
physiology through measurement, of lung capacity and pulse under varied environmental conditions, using both technologic and child-made 
instruments. 

Exploratorium, San Francisco, California 

$170,000 to develop a multitiered program to enrich education in the biological and biomedical sciences in the Han Francisco Bay area. The cur- 
riculum will focus on perception and the sense*- neurobiology and the brain; genetics, reproduction, and development; and human body systems. 
The project will also develop a model exhibit-based teacher education curriculum wiih a strong interdisciplinary science base to support Ihe 
needs of middle-school science education nationwide. A Biology Teacher Institute will be added to the existing Regional Science Resource Cen- 
ter, offering a summer component and academic-year workshops. 

Through various workshops, the project will develop a solid core of hiology teachers for the middle schools. The Exploratorium's biology staff will 
work annually with 200 other teachers in the existing midciie and high seller 1 "* acher Institute program. By the end of the project, over 00 mid- 
dle school biology teachers will have received intensive training, and 400 additional science teachers will have interacted significantly with the 
staff. 

Health Adventure, Asheville, North Carolina 

$100,000 lo conduct a two-part Appalachian biomedical sciences initiative. Biomedical Sciences Discovery Saturdays will draw on retired scien- 
tists from the North Carolina Center for Creative Retirement to teach and enhance weekly sessions. Participants — the goal is to reach 2,000 — 
will be disadvantaged and minority children in grades K^i and their parents or grandparents. Families in remote areas will be involved through 
Traveling Trunks, a community outreach program. 

Inquiry-based biomedical science activities should stimulate interest in science, health, and the miracle of life. These activities will employ the 
museum's new interac tive exhibits, which feature hands-on exploration and experimentation. Areas to be covered relate to light and vision, 
sound and hearing, the bones and movement, the brain and creativity. Specially designed materials to take home should foster a eonthuing 
interest in science and the scientific ou!lo.*<k. 

Irvine Natural Science Center, Stevenson, Maryland 

$ 125,000 to support Natural Connections, a program to train volunteers to work with small groups of iuner-city elementary school children in 
outdoor science activities. Selected from the Outdoor Biology Instructional Strategies curriculum, the activities will be focused on the character- 
istics and ecology of plants and animals. 

Sessions for :ird graders will be held twice each season in schoolyards and local neighborhoods, with teenage volunteers from hi . school sci- 
ence classes as leaders. During the summer, eight weekly sessions for 8- through 10-year-olds will be offered at recreation centers, aided by 
adults recruited from the local community. In the course of the rive-year project, over 000 volunteers and 2,000 children from 20 pairs of schools 
and 10 recreation centers are expected lo participate. Natural Connections is modeled on the Denver Audubon Society's successful Urhan Edu- 
cation Project. 
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Milwaukee County Zoo, Milwaukee, Wisconsin 

$200,00(1 to support the Educational Opportunities project to stimulate interest in science and promote scientific literacy lot* urban minority stu- 
dents in grades :J-8. Coordinated with the Milwaukee public schools, the project will address age-appropriate learning objectives in zoology, 
morphology, botany, awl ecology. It will employ curriculum resource packets lor classroom activities, six learning zones at the Zoo, a teacher 
training component, and a minority internship program. 

At the Zoo, students will explore the scientific method with teachers and interns in living laboratories. The learning zones are an aquarium, an 
aviaiy, reptiles, primates, felines, and animals oi' Australia. The curriculum includes specific activities in lap/. 1 - 'ic arts, mathematics, and social 
studies for pre- and post visit classroom preparation and reinforcement. Training sessions will assist teachers in integrating the resource packets 
and Zoo experiences into the classroom curriculum. Kemale and minority role models are emphasized. 

Missouri Botanical Garden, St. Louts, Missouri 

$125,000 to improve elemental science instruction in St. Louis. The first component of the program is a teacher training effort in which -10 ele- 
mentary teachers will learn organismal and ecological biology, practicing new knowledge and skills with participants in a summer science camp 
and incorporating instructional improvements in their classrooms. The second component will train 240 inner-city children in summer science 
camps. Concepts to he taught include organism, population, community, ecosystem, structural components of the biosphere, and energy rela- 
tionships, A hands-on investigative teaching approach will he used throughout the program. 

National Aquarium in Baltimore, Baltimore, Maryland 

$l2o,000to provide support (o the Baltimore p uh lie school system in implementing STARS (science: thinking, application, and research skills), 
a new science curriculum designed to meet the needs of urban children. The Aquarium will enhance the background of elementary school 
teachers through workshops, field experiences, and kits of support materials. Enrichment classes will he provided for 2nd- to oth-giwlc students. 
80 percent of whom are members of minority populations. 

The weeklong in-service workshops will introduce the teachers to life science as it relates to the STAMS curriculum. Grade 2 teachers will study 
vertebrate and invertebrate structure, classification, and adaptation. Sessions with live animals and artifacts will reinforce lectures and Aquarium 
observations. Grade 5 teachers will study the natural and human history of the Chesapeake Hay through lectures, observation,*, and hands-on 
activities. 

National Zoological Park, Washington, D.C. 

$125.01)0 to conduct multilevel science education that targets minority populations in live Washington, D.C, area schools. The program, concern- 
ing endangered species conservation, will focus on tt.o'OO students in the 4th, 5th, and (ith grades. Activities include (1) Scientist in the Schools, 
an interactive lecture series, (2) teacher/scientist workshops to develop niultisonsory activities for students, (:}) class visits to Zoo laboratories 
and theme-related participation with scientists. (4) computer-assisted learning in Zoo-based conservation biology, and (5) selected student par- 
ticipation in live-week .summer enrichment programs. 

For most endangered species, the conservation "puzzle" includes ecosystem, behavior, genetic makeup, and reproductive and health status. The 
multisensory activities will integrate important concepts of conservation biology. The aim of the program is to promote repealed direct contact 
between scientist and student, teacher and family, while correcting misconceptions about science and scientists. 

New Jersey State Aquarium at Camden, Camden, New Jersey 

$:i0l),00() to support the Camden Aquarium Urban Science Knricluuent Program, a five-year elementary and secondary school project integrating 
three components: a summer Science Camp, an after-school Ecology Club, and a high school junior staff program. The project will provide sci- 
ence enrichment activities for inulersrived and disadvantaged urban children in Camden. Forty-two students will participate the first year. By 
the 5th year there will he over 120 participants. Assuming a high percentage of returnees, an estimated total of 400 students will be involved. 

The project will focus on the biology and aquatic ecology of New Jersey and nearby areas. In particular, students will investigate the habitats 
and adaptations of plant sand animals common to southern .Vow .Jersey; properties of fresh-water, salt, and estuarine systems; the role and 
importance of soil in filtration; pollution: conseivat ion: and emerging technologies. Through hands-on activities. Held trips, role playing, role 
modeling, and high-impact demonstrations, students will be encouraged to increase their knowledge and develop a more positive attitude 
toward science. 
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New York Botanical Garden, Bronx, New York 

$175,000 iii partial suppon of the Children's Adventure Project, designed in offer children immediate cxp^riciii't's uil h phnus and nature in a 
safe. discovery-oriented environment. The 1 project has two components: the Adventure Harden, where visitors internet with living plant collec- 
tions Integrated with oxplaiialory exhibits; and Adventure Trails, a scries of act ivity-based walks through 2oi) acres of natural ecosystems. The 
project targets urban children in grades K-(>, especially these from the immediate ( (immunity, which primarily comprises minorities undorrop- 
resented in science. 

Three learning objectives are proposed: plants have life requirements, plants experience life prut-esses, and nature is always changing, ( sing 
act ivity-based and inquiry techniques, children will interact directly with living plant collections in a variety of settings and will learn about the 
work of plant scientists. The project will include play activities to engage children who prefer different styles of lea' - By immediately trans- 
ferring lessons learned in the Adventure Garden to a real scale on the Adventure Trails, children will be better cqui„,jod to apply the concepts 
they have learned to classroom and real life experiences. 

New York Hall of Science, Corona, New York 

$-100.1100 to train #>t) 7th-grade life science teachers in microbiology and in provide materials, equipment . and an ongoing teacher support sys- 
tem. By enhancing instruction in microbiology, recently added to the suite's Tth-grade science curriculum, the New York Hall of Science plans to 
build a critical mass of life science teachers for systemic reform of Tth-grade lite science instruction in the New York City schools. Altogether 
tfiiO teachers will he trained, each of whom will teach about 100 students per year, making a total of 85,00(1 students who will benefit during the 
grant period alone. 

Topics of teacher training will include magnification and microscopes, collection and maintenance of microorganisms, fungi as an apuroacb to 
leaching the microbial world, microbes as pathogens and the immune system response, classroom use of instruct ional videotapes and the 
vidcomieroscopo. and the ethics or genetic engineering. A hands-on interactive approach to teaching and learning science will be used. A Hall of 
Science exhibit, Hidden Kingdoms: The World of Microbes, will servo as a resource for project activities. 

Pratt Museum, Homer, Alaska 

$^00 ,()(H| jo initiate an inventive, uniquely Alaskan marine science program at Homer High School. I'sing the skeletal remains of a locally sal- 
vaged whale and applying human and marine resources unique t« the area, the program will develop a multidiseiplinary approach to science 
education. The planning phase will involve development of an instructional program with emphasis on ocean conservation. Then students, scien- 
tists, and Museum staff members will study the whale and assemble the skeleton, suspending it ii the school commons for exhibit ion. Through 
an outreach program, other schools and the general public will be introduced to the whale, illustrating the results of collaborative, pmjoct-uri- 
ented science education. Participants in the project will include 115 high school students. 10-15 resource people, and 1 instructors. Eventually, 
all the students and teachers in the district will have access to the educational portion or the program. 

Study of the natural history of whales will range from local marine biology to broader issues of ocean con solvation. Through analysis, research, 
bone preservation, skeletal articulation, and engineering, students will be directly involved in museum work. Through an intera<:ivo. si talent - 
cenlered teaching approach, the group will explore current regional work in marine science. 

Sacramento Science Center, Sacramento, California 

$225,000 to support the Community Partnership Science Project, addressed to K-fl students at risk for school dropout. Fbe multiyear program 
includes introductory science experiences in community -based youth centers, followed by Summer Science Camp, volunteer experience, and 
paid employment at the Museum. The project is targeted to youth in North Sacramento, an economically depressed area with a (ia •percent 
minority population. It will address their needs through inquiry-based, hands-on science instruction in live sponsoring community centers, 

Twenty community science programs will he offered annually, reaching tf.flttO K-St h-graders over the grant term. Thirty 0th- to Sth-graders will 
attend Summer Science Camp annually: 10 7th- and Sth-graders will he trained as youth volunteers each year: and high school students will 
soive as paid explainers at the Museum. Integration of biology with physical and earth sciences will he emphasized. Featured activities will 
involve healt h. life sciences, and connect urns with other disciplines and curricula areas. 



South Dakota Discovery Center and Aquarium, Pierre, South Dakota 

$175,000 to develop an outdoor ecostudy area on Discovery Island, a five-aciv succession island on the Missouri Hivov. formed as a result of sedi- 
mentation from the Oahe Dam and the channeling of the river. The Center will also prepare a K-12 science education program that uses the 
ecostudy area to study the biological cmnniuniticsof the wetlands, water quality and its effect on flora and fauna* ecology of the Missouri River 
Basin, and advanced topics in high school biology. 

A K-12 integrative science program will feature hands-on experiments in which students make predictions, collect data, and interpret findings. 
Initially three rural and two reservation pilot schools will test the program, and eventually it will be av ail;. hie to all rural and reservation schools 
(122. (ion students, including b\S82 Native Americans). An interpretive exhibit and guided walks will he available to all Center visitors. 
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Staten Island Children's Museum, Staten Island, New York 

$125,000 to provide Staten Island elementary school teachers with training and tools to icaeh science in an imaginative and engaging fashion. 
The Children's Museum will offer three interrelated components to four schools: permanent science resource centers (stationary ./r mobile) 
stocked with equipment and materials for hands-on science experiments, combined will. Museum-designed activities, graphics, games, art proj- 
ects, etc., for use during and after school; teacher training in I he use of visual and dramatic arts for teaching science to elemenlary school chil- 
dren; and an eight-week Museum residency at each school, culminating in a family science festival. The curriculum will he developed for !ird- to 
r>th-graders in collaboration with school and district leaders. It is expected that classes will participate during each year of the grant. 

The science content of the program will he derived from two Museum exhibits. Bugs and Other Insects and Wonder Water, and will comply with 
state and local curriculum requirements. Strategies for Survival includes metamorphosis, camouflage, adaptation of body parts, and reproduc- 
tion. Water and Life includes the vital biological functions of water, plant and animal adaptations, and the role of the water cycle in the ecosys- 
tem. These topics will he investigated through a variety of hands-on classroom projects, including arts-based techniques. 

Woodland Park Zoological Gardens, Seattle 1 , Washington 

$1:10.000 to conduct community outreach programs in environmental and wildlife conservation. Volunteers from ;i local African American 
church will be trained as docents so that visitors to the Zoo will find a staff more nearly reflective of the local population. Hy establishing more 
contacts with the minority community, the Zoo hopes to improve its ability to address the entire community and encourage minority groups to 
use the Zoo as an educational resource. 

During the grant period, the Zoo plans to offer hands-on classroom presentations and Held trips for some 500 oth- and (ith-graders, many of 
whom are minority students. The children will examine animal specimens, build models, participate in live animal demonstration programs, and 
conduct field observations. 
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International Program 



i 



n view of ihe conlribulions of sci- 
entists abroad to advances in bio- 
medical sciences, the Office of 
Grants and Special Programs added 
an international focus in 1991 with 
its program of research grants for 
biomedical scientists in selected 
countries. Formerly the internation- 
al activities were folded into other 
programs, including the predoeioral 
and physician postdoctoral fel- 
lowships, which arc open to U.S. cit- 
izens and noncilizcns for study in 
the United Stales and to U.S. citi- 
zens for study abroad. Further, the 
Research Resources grants to the 
Cold Spring Harbor and Marine 
Biological Laboratories support 
summer courses for scientists and 
students from all over the world. 



Research Grants 

The international program provides 
grant support to promising biomed- 
ical scientists who have made signif- 
icant contributions to fundamental 
research — thai is, to the under- 
standing of basic biological process- 
es and disease mechanisms, lliesc 
are outstanding scientists whose 
research careers are still develop- 
ing, rather than those in later phases 
of distinguished careers. Awardees 
must hold a full-time academic or 
research appointment at a universi- 
ty, medical school, research institu- 
tion, or other nonprofit scientific 
institution, and must not have sig- 
nificant administrative responsibili- 
ties. 

The five-year grants not only pro- 
vide funds for the scientist's 
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International Research Scholars, Program 
and Award Highlights 



Selected Countries 

■Spring lf)91 awards 
Canada 
Mexico 

■Fall 1992 awards 
Australia 
New Zealand 
United Kingdom 

Grant Terms 

■Five-year term 

■$90,000 to $100,(100 annually* 

equipment (40 percent, 
limit) 

personnel** 
supplies 

travel (5 percent limit) 

indirect costs (10 percent 
limit) 

Eligibility Criteria 

■Selected countries 

■Significant fundamental 
research contributions 

■Career still developing 

■No major administrative 
responsibilities 

■Not U.S. citizen or permanent 
resident 



Continuing Awards 

■Canada 

1 1 grants for 14 scientists 
7 institutions 

$5.8 million five-year total 

■Mexico 

10 grants for 10 scientists 

4 institutions 

$5.0 million five-year total 

■Australia 

5 grants for 5 scientists 
4 institutions 

$2.4 million five-year t otal 

■New Zealand 

2 grants for 2 scientists 
2 institutions 
$975,000 five-year total 

■United Kingdom 

21 grants for 22 scientists 

12 institutions 

$10.0 million five-year total 



7m Mexico 22 percent of each arattt is allocated to the International Research 
Sch o ta r\ depa rt mcnt, for sha red rcso u rces. 

* "Technicians. giTtduate students, and jwtdoctorat associates. In Mexico the 
arant mat/ also provide the International Research Scholar an annual salary 
supplement of $10,000. 
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International Research Grants, 
Program Highlights 



Selected Countries 

■ Fall 1994 awards 

Belarus 

Czech Republi 

Estonia 

Hungary 

Latvia 

Lithuania 

Poland 

Russia 

Slovak Republic 
I'kraine 

Grant Terms 

■ Research at the Scientist's 
Own Institution 

40-00 five-year awards 

$10,000 to $75,000 annually* 

■ Grants Involving International 
Research Collaboration 

40-60 five-year awards 

$10,000 to $75,000 annually** 



Eligibility Criteria 

■ Eligible Scientist 

publication in an English 
language peer-reviewed 
journal 

career still developing 

no major administrative 
responsibilities 

affiliation with a non- 
profit institution in a 
selected country 

fundamental research 

not a U.S. citizen 

a Collaborating Scientist 

not a resident of a selected 
country 

affiliation with a non- 
profit institution 

significant fundamental 
research contributions 



*Grunts will provide f nmte for equipment, personnel ( including Vie eligible 
scientist), travel, and supplies. Up to 25 percent of each grant may be allocat- 
ed to the department of the eligible scientist for shared resources. Up to 10 
percent is for indirect costs. 

"Grants will provide funds for equipment, personnel ( including the eligible 
scientist, but excluding personnel in the laboratory of the collaborating sci. 
enlist), supplies, and travel. Up to 15 percent of each grant mag be allocated 
to the department of the eligible scientist for shared resources. Up to 10 per- 
cent is for indirect costs of the collaborating scientists institution. 



laboratory— for equipment, person- 
nel, supplies, and travel — but also 
contribute to science education 
through use of grant funds for 
trainees' stipends and travel and 
through the availability of equip- 
ment and supplies for their 
research. Moreover, in recognition 
of the limited resources available in 
sonic circumstances and the impor- 
tance of the intellectual environ- 
ment in which the scientists con- 
duct their research, a portion of the 
award in certain countries provides 
shared resources for the awarders* 
departments. In all cases, consider- 
able flexibility is allowed in the allo- 
cation of funds and in the research 
itself, to enable the scientists to fol- 
low promising new leads in their 
fields. 

Eligible Countries 

The first two rounds of awards, the 
International Research Scholars 
program, went to investigators in a 
small number of countries. For the 
first round, Canada and Mexico (as 
our immediate neighbors) were 
selected. Awards to 24 scientists 
were announced in 1991 (Figure 
59). The second round of awards, 
announced in 1992, went to 29 sci- 
entists in Australia, New Zealand, 
and the United Kingdom. The cur- 
rent competition includes 10 coun- 
tries of Eastern Europe and the for- 
mer Soviet Union (Figure 60). 

Application and Selection Process 

To select candidates for the Interna- 
tional Research Scholars program, 
the Institute solicited nominations 
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f'*om its own investigators and 
advisers and from othc i r scientists 
knowledgeable about biomedical 
research in the designated coun- 
tries. The eligible nominees were 
evaluated by biomedical scientists 
throughout the United States, and 
the nominees most highly rated 
were invited to apply. 

For the international program 
competition involving Eastern 
Europe and the former Soviet 
Union, any scientist who meets stat- 
ed eligibility criteria may apply. Hie 
applications, which include a 
research plan summarizing ongoing 
or planned work that Institute fund- 
ing would enhance, are evaluated 
by an external peer review panel. 
On the basis of these evaluations 
and the program goals, the Insti- 
tute's management selects 
awardees to be recommended to 
the Trustees for authorization of 
funding. 

Grant Awards 

For the first two competitions, the 
49 five-year grants provide annually 
$90,000 to $100,000, for a total of 
$24.3 million (Figure 59). These 
grants included two group awards, 
so a total of 53 scientists were 
selected as International Research 
Scholars in Australia. Canada, Mexi- 
co. New Zealand, and the United 
Kingdom. 

For the international program 
competition involving 10 selected 
countries of Eastern Europe and the 
former Soviet Union, two types of 
five-year grants will be awarded: (1) 
grants for research at the scientists 



own institution and (2) grants 
involving international research col- 
laborations (Figure 60). There will 
be 40 to 60 grants of each type. 
They will range from $10,000 to 
$75,000 per year, for an annual total 
of $3 million. The amount of a grant 
v ill depend on the needs of the 
applicant and the economic condi- 
tions prevailing at the time the 
award is made. These awards will 
be announced at the end of 1994. 

Grant Activities 

The International Research Schol- 
ars in Canada and Mexico were 
highly productive in the past year, 
publishing more than 100 articles. 
(Progress reports listing the articles 
of the scholars in Australia, New 
Zealand, and the United Kingdom 
are not yet available.) In addition, 
research summaries from all of the 
Scholars have appeared in the Insti- 
tute's Annual Scientific Report and 
annual Research in Progress. 

The Scholars have also partici- 
pated in scientific meetings held at 
the Institute's headquarters and 
conference center in Chevy Chase, 
Maryland. As a result of the Schol- 
ars' interactions with one another 
and with Institute investigators, 
these meetings have fostered a 
number of research collaborations 
across national boundaries. 

The grants in Canada and Mexi- 
co have contributed to the stipend 
support of 75 graduate students and 
50 postdoctoral associates. In addi- 
tion, the grants in Mexico provide 
for shared departmental resources. 
The departments reported that 
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Figure Gl 

U.S. and Mexican Science Academies, 
Joint Activities Grants 

■ Annual symposium in Mexico on biomedical research frontiers 
October 1992: 

Molecular Biology of Parasites 

■Annual laboratory course 
Summer 1991: 

Mel hods in Computational Neuroscienoe 

Dr. James Bower, California Institute of Technology 

November 1992: 

Molecular Cloning of Neural Genes 

Dr. James Boulter, Salk Institute for Biological Studies 

Dr. Kicardo Tapia, National University of Mexico 

December 199:): 

Molecular Biology of Parasite Gene Expression 

Dr. John Swindle, University of Tennessee, Knoxville 

■Visit ing Sclent ist Program 

July 1993-January 1994: structural biologists 

these funds were used to purchase 
major equipment as well as small 
equipment, computers, chemicals, 
and journal subscriptions, and to 
provide stipends and travel funds 
for students. 



Other International 
Activities 

U.S, and Mexican National 
Academies 

In the summer of 1991, the Institute 
announced grants of $600,000 to the 
U.S. National Academy of Sciences 
and $100,000 to the Mexican Acide- 
mia de la Investigation Cientifica, 
for joint activities over four years. 
These activities promote the 



exchange of scientific information 
and encourage cooperation between 
scientific communities in the two 
countries, particularly in the life sci- 
ences. 

Under the grants, scientists from 
both countries convene for lectures 
and discussions at an annual sympo- 
sium on a topic at the frontier of bio- 
medical research (Figure 61). The 
October 1992 symposium was on 
the molecular biology of parasites. 
The next symposium, scheduled for 
the spring of 1994, will address 
human genome research, 

The grants also provide support 
for an annual laboratory course con- 
ducted in Mexico City (Figure 61). 
Graduate students, postdoctoral 
associates, and more advanced sci- 
entists throughout Mexico are 
selected to participate. The third 
laboratory course, Molecular Biolo- 
gy of Parasite Gene Expression, 
was scheduled for December 1993. 
It was organized by Dr. John Swin- 
dle of the University of Tennessee, 
Knoxville. 

Another activity supported by 
the Institute grant is the visiting sci- 
entist program (Figure 62). 
Between July 1993 and January 
1994, five leading U.S. structural 
biologists each spent three to five 
clays in Mexico leeturi. g and visit- 
ing laboratories. 

International Education Activities 

The Institute also supports biomed- 
ical research and education interna- 
tionally through its Research 
Resources grants. These include 
grants to the Human Genome 
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U.S. and Mexican Science Academies, 
Announcement of Visiting Scientist Program 
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THE ACADEMLA DE LA INVESTIGACION CIENTIF1CA AND U.S. NATIONAL 
ACADEMY OP SCIENCES 

PRESENT: STRUCTURAL BIOLOGISTS 

A SERIES OF VISITING LECTURERS 

1993 



Rrtan Robert Rcld 

Professor of Chemistry and Biochcmislrv. 
University of Washington. 
Seattle Washington USA. 



David R. Dmvtet 

Chief ol Section on Molecular Structure, 
laboratory nl Molecular Hiolot^. 
National Institutes of Health. 
Uelhesdn. Maryland USA. 



September 20 - 2-1 Jatnei H. Hogle 

Protcssor of Biological Chemistry nnd 
Molecular Pharmacalo^y. 
I larvard Medical School. 
Boston. Massachusetts USA. 



October 11-15 Gcrhird W»gaeT 

I'rofcssor ol Biological Chemistry and 
Molecular I'hnrmacnlogy 
I larv'ard Medical School. 
Boston. Massachusetts USA. 



January 23 ■ 28 



1994 

Paul Slglcr 

Howard I Inches Medical Institute Investigator 
I'rofcssor «>l Molecular biophysics nnd 
Biochemistry. Vale University 
New Haven. Coiinrdlrttt USA 



Organized bvDr. Manuel Soriano. Area dc Lhorsiructmii. htsliliitude (Junnica. UN AM. 
[<>r nddlllonal inlomiatlim call Tel R22-IAOH FAX Mh.hoos and Robin Schoen. Sniff 
Officer fUTlw X.tlKHkil kese.ireh lounrtl. USA 



Supported by the Howard Hugbet Medical Institute. USA. 



Organisation in support of its Amer- 
icas Office and related activities. 
Grants to the Cold Spring Harbor 
and Marine Biological Laboratories 
also benefit the international scien- 
tific community, through wide par- 
ticipation in the special courses 
these institutions offer. Among the 
participants in grant-supported 
courses in 1993 were 107 students 
from abroad, in addition to those 
from U.S. institutions. 



The Institute's graduate fellow- 
ship programs also serve an interna- 
tional constituency. Among the 395 
current predoetoral and physician 
postdoctoral fellows are 5 students 
pursuing graduate study or postdoc- 
toral research abroad and 56 citi- 
zens of other countries who are in 
graduate school or conducting post- 
doctoral research in the United 
States. 
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Figure 



International Program, All Current International Research Scholars 



1991 Awards 



Canada 



Alan Bernstein, Ph.D. 

Head. Division of Molecular and Developmental Biology, and Associate Director. .Samuel Lunenfekl Research Insiiiute of Mount Sinai Hospital, 
Toronto; Professor. Department of Molecular and Medical Genetics. University of Toronto 

Molecular Genetic- Approaches to Hematopoiesis and Development 
Barton Brett Finlay, Ph.D. 

Assistant Professor. Biotechnology Laboratory and Departments of Biochemistry and Microbiology. University of Brit ish Columbia, Vancouver 
I lost -Pathogen Interactions in Microbial Pathogenesis 

Jack Fred Greenblatt, Ph.D. 

Professor, Banting and Best Department of Medical Hesoarchand Department of Molecular and Medical Genetics, University of Toronto 
Transcriptional Regulatory Mechanisms 

Sergio Grinstein, Ph.D. 

Head, Division of Cell Biology, The Research Institute of the Hospital for Sick Children, Toronto: Professor. Department of Biochemistry. 
I'niversityof Toronto 

Ionic Homeostasis in Resting and Activated Leukocytes 
Philippe Gros, Ph.D. 

Professor, Department of Biochemistry, McGill University, Montreal 

The Multidrug Resistance (wdr) Efflux Pumps: Structure, Function. Regulation 

Alexandra Leigh Joyner, Ph.D. 

Senior Scientist. Division of Molecular and Developmental Biology, Samuel Lunenfeld Research Institute of Mount Sinai Hospital. Toronto; 
Associate Professor, Department of Molecular and Medical Genetics. University of Toronto 

Targeted Mutagenesis and Molecular Genetic Analysis of Mouse Developmental Genes 
James Douglas McGhee, Ph.D. 

Professor. Department of Medic? iochemistry. University of Calgary 
Control of Lineage-Specific Gene Expression During Early Development 

Tim R. Mosmann, Ph.D. 

Professor and Chair. Department of Immunology. I'niversityof Alberta. Edmonton 
Cytokine Functions in Immune Class Regulation 

Anthony James Pawson, Ph.D. 

Senior Scientist, Division of Molecular and Developmental Biology, Samuel Lunenl'eld Research Institute of Mount Sinai Hospital. Toronto; 
Professor, Department of Molecular and Medical Genetics, University of Toronto 

Biochemical and Genetic Control of Signal Transduction 
Randy J. Read, Ph.D. 

Associate Professor. Department of Medical Microbiology and Infections Diseases. University of Alberta. Edmonton 
Protein Crystallography and Rational Drug Design 
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Janet Rossant, Ph.D. 

Senior Scientist, Division of Molecular and Developmental Biology, Samuel Lunenfeld Research Institute of Mount Sinai Hospitai, Toronto; 
Professor, Department of Molecular and Medical Genetics, University of Toronto 

Genetic Control of Cell Lineage Development in the Early Mouse Embryo 
Jean-Pierre Koy, M.D. 

Assistant Professor, Department of Neurology and Neurosurgery, Montreal Neurological Institute of McGill University 
Contribution of Area MSTd to the Spatial Function of the Parietal Cortex 

Terry P. Snutch, Ph.D. 

Assistant Professor, Biotechnology Laboratory and Division of Ncuroscience, University of British Columbia. Vancouver 
Molecular Dissection of Neuronal Signal Transduction 

Lap-Chee Tsui, Ph.D. 

Senior Scientist, Department of Genetics, The Research Institute of the Hospital forSiek Children, Toronto; Professor, Department of Molecular 
and Medical Genetics, University of Toronto 

Molecular Genetics of Cystic Fibrosis and Other Genetic Diseases 
Mexico 

Carlos Federico Arias, Ph.D. 

Associate Professor, Department of Molecular Biology, Institute of Biotechnology, National University of Mexico, Cuernavaca 
Molecular Biology and Epidemiology for t he Cont rol of Rotavirus Diarrhea 

Edmundo Calva, Ph.D. 

Associate Professor and Chairman, Department of Molecular Biology, Institute of Biotechnology, National University of Mexico, Cuernavaca 
Molecular Biology of the S. typhi ompC and C, Jejuni cnt Genes 

Gabriel Cota, Ph.D. 

Investigator, Department of Physiology, Biophysics, and Neurosciences, Center for Research and Advanced Studies, National Polytechnic 
Institute, Mexico City 

Calcium Channels and Hormone Secretion in Pituitary Cells 
Alberto Darszon, Ph.D. 

Professor, Department of Biochemistry, Institute of Biotechnology, National University of Mexico, Cuernavaca 
Involvement of Ionic Channels in Sperm Function 

Gabriel Guarmros Pena, Ph.D. 

Professor, Department of Genetics and Molecular Biology, Center for Research and Advanced Studies, National Polytechnic Institute, Mexico City 
Control of Bacterial Protein Synthesis by a Lambda Phage-Directed Transcript 

Luis Rafael Herrera-EstreUa, Ph.D. 

Professor and Chairman, Department of Plant Genetic Engineering, Center for Research and Advanced Studies, National Polytechnic Institute, 
Irapuat.o 

Molecular Studies of Two Key Enzymes Involved in Carbon Assimilation in Plants 
Paul Modesto Lizardi, Ph.D. 

Professor, Department of Biochemistry, Institute of Biotechnology, National University of Mexico, Cuernavaca 
.Simple and Sensitive Assays for the Detection of Human Pathogens 
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M. Esther Orozeo, Ph.D. 

Professor, Department of Experimental Pathology, Center for Research and Advanced Studies, National Polytechnic Institute, Mexico City 
Entamoeba histolytica: Molecules Involved in Adherence and Damage to 1 he Target Cell 

Lourival Domingos Possani, Ph.D. 

Professor and Chairman, Department of Biochemistry. Institute of Biotechnology, National University of Mexico, Cuernavaca 
Chemical and Functional Characterization of Scorpion Toxins 

Ranulfo Romo, M.D., Ph.D. 

Professor, Department of Neurosclence. Institute of Cellular Physiology, National University of Mexico. Mexico City 
Representations and Transformations of Tactile Signals in Somatic and Frontal Motor Cortices of Behaving Primates 



David Douglas Lawrence Bowtell, Ph.D. 

Wellcome Trust Senior Research Fellow, Howard Florey Institute of Experimental Physiology and Medicine, University of Melbourne 
Control of Cellular Differentiation in Mammalian Development 

Suzanne Cory, Ph.D. 

Senior Principal Research Fellow and Joint Unit Head, Molecular Biology Unit, The Walter and Eliza Hall Institute of Medical Research, Parkville 
Genetic Control of Hematopoietic Differentiation 

Alan Frederick Cowman, Ph.D. 

Wellcome Australian Senior Research Fellow, Immunoparasitology Unit. The Walter and Eliza Hall Institute of Medical Research, Parkville 
Molecular Mechanism of Drug Resistance in Malaria 

David James Kemp, Ph.D. 

Deputy Director. Menzies School of Health Research, Casuarina 

Chromosome Deletions in Relation to Cytoadherence and Gametocytogenesis in Plawnodium falciparum 
Grant Robert Sutherland, Ph.D., D.Sc. 

Director, Department of Cytogenetics and Molecular Genetics, Adelaide Children's Hospital; Affiliate Professor, Department of Pediatrics, 
University of Adelaide Medical School; Honorary Consultant Geneticist, Queen Victoria Hospital, Adelaide 

Studies of the Human Genome: Positional Cloning and Unstable DNA 

New Zealand 

Edward Neili Baker, Ph.D. 

Professor of Biochemistry, Department of Chemist ry and Biochemistry, Massey University, Palmerston North 
Structural and Functional Analysis of Binding Proteins and Hydrolases 

Warren Perry Tate, Ph.D. 

Professor of Biochemistry, University of Otago, Dunedin 

Translational Stop Signals and Cellular Regulation 



1992 Awards 



Australia 
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United Kingdom 

Rosa Susan Beddington, D.Phil. 

Senior Group Leader, Medical Research Council National Institute for Medical Research, London 
The Molecular Basis of Mammalian Gastrulation and Early Organogenesis 

Adrian Peter Bird, Ph.D. 

Professor of Genetics, Institute of Cell and Molecular Biology, University of Edinburgh 
The Biological Significance of DNA Methylation 

Gerard Bricogne, Ph.D. 

Research Scientist, Senior Grade, Division of Structural Studies, Medical Research Council Laboratory of Molecular Biology, Cambridge 
Stuart Graham Cull-Candy, Ph.D. 

Professor of Pharmacology, University College London, University of London 
Amino Acid Receptor Channels and Synaptic Transmission in the Cerebellum 

Christopher Martin Dobson, D.PhiL 

University Lecturer, Department of Chemistry, University of Oxford; Deputy Director, Oxford Centre for Molecular Sciences 
NMR Studies of Protein Folding and Recognition 

Michael Anthony John Ferguson, Ph.D. 

Reader in Biochemistry, Medical Sciences Institute, University of Dundee 

Structure, Biosynthesis, and Function of Glycosyl-iMiosp hat idyl inositols of the Parasitic Protozoa 

Frank G. Grosveld, Ph.D. 

Head, Laboratory of Gene Structure and Expression, Medical Research Council National Institute for Medical Research, London 
Studies on the Regulation of the Human Beta-Globin Domain 

Nicholas Dixon Hastie, Ph.D. 

Head, Molecular Genetics Section, Medical Research Council Human Genetics Unit, Western General Hospital, Edinburgh 
The Role of the Wilms Tumor Gene (MTV) in Normal Development and Cancer 

Christopher Francis Higgins, Ph.D. 

Principal Scientist, Imperial Cancer Research Fund Laboratories, Institute of Molecular Medicine, University of Oxford; Fellow, Keble Colleg 
Oxford 

The Multidrug Resistance P-Glycoprotein and Related ABC Ion Channels/Transporters 
Jonathan Alan Hodgkin, Ph.D. 

Staff Scientist, Senior Grade, Medical Research Council Laboratory of Molecular Biology, Cambridge 
Molecular and Genetic Analysis of Nematode Sex Determination 

David Ish-Horowitz, Ph.D. 

Principal Scientist and Head, Developmental Genetics Laboratory, Imperial Cancer Research Fund Developmental Biology Unit, Oxford; 
Honorary Lecturer, Department of Zoology, University of Oxford 

Kmbryonie Patterning in Droaophila by Transcriptional Regulation and Transcript Localisation 
Alec John Jeffreys, D.Phil. 

Royal Society Wolfson Research Professor, Department of Genetics, University of Leicester 
Variation and Mutation in the Human Genome 
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Robert Roger Kay, Ph.D. 

Staff Scientist, Senior Grade, Cell Biology Division, Medical Research Council Laboratory of Molecular Biology, Cambridge 
Molecular Basis of Pattern Formation in Diet yostef turn 

Roger John Keynes, M,B.B,Chir. 

University Lecturer, Department of Anatomy, University of Cambridge 
Cell-Cell Impulsion During Neural Development and Regeneration 

David Philip Lane, Ph.D. 

Professor of Molecular Oncology, Cancer Research Campaign Laboratories, Department of Biochemistry, University of Dundee 
The Function of the p53 Suppressor Gene 

Andrew Gino Lumsden, Ph.D. 

Professor of Developmental Neurobiology, Division of Anatomy and Cell Biology, United Medical and Dental School, Guy's Hospital, 
University of London 

Cellular and Molecular Mechanisms of Hindbrain Development 
Michael Samuel Neuberger, Ph.D. 

Senior Scientist, Special Appointment Grade, Medical Research Council Laboratory of Molecular Biology, Cambridge 
Expression and Function of the B-Cell Antigen Receptor 

Simon Edward Victor Phillips, Ph.D. 

Professor of Molecular Biophysics, Department of Biochemistry and Molecular Biology, University of Leeds 
Structural Studies of Protein-Nucleic Acid Complexes 

James Cuthbert Smith, Ph.D. 

Head, Laboratory of Developmental Biology, Medical Research Council National Institute for Medical Research, London 
Gradients and Thresholds in the Establish ment of the Vertebrate Body Plan 

Alain Robert Townsend, W.B.B.S,, Ph.D. 

Professor, Department of Clinical Medicine, Institute of Molecular Medicine, University of Oxford 
The Biochemistry of Endogenous Antigen Presentation 

Richard Henry Treisman, Pn.D. 

Principal Scientist, Imperial Cancer Research Fund, Loudon 
Transcription Factors in Growth Factor Action 

Veronica van Heyningen, D.Phil. 

Senior Scientist, Special Appointment Grade, Molecular Genetics Section, Me-'.ical Research Council Human Genetics Unit, Western General 
Hospital, Edinburgh; Honorary Fellow, Department of Biochemistry, University of Edinburgh 

Molecular, Genetic, and Functional Studies ox\PAX6 and Other Anridia-Associated Genes in the WAGR Region 
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-/Assessment within the grants 
program has two principal objec- 
tives: to document and measure key 
outcomes of the Institutes various 
grants initiatives, and to assist in 
the development of new initiatives 
through studies of national trends 
in science education, the national 
research enterprise, and public and 
private support for science. Assess- 
ment activities are organized gener- 
ally around the principal areas of 
the grants program. 

The initial focus has been on out- 
comes for the activities in graduate 
and undergraduate science educa- 
tion, largely through analysis of 
annual progress reports submitted 
by individual fellows and institution- 
al grant recipients. Data from these 
reports are presented in previous 
chapters. For the area of preeollege 
science education, the first annual 
reports from science museums and 
related institutions are reviewed in 
the chapter "Precollege and Public 
Science Kducation." 

In addition, several studies of 
national trends and conditions rele- 
vant to grants program planning 
and evaluation have been complet- 
ed or are under way. In conjunction 
with these internal activities, the 
Institute is working with several 
federal agencies and private organi- 
zations to draw on existing national 
databases and develop new ones. 
These will be used for long-term 
monitoring of the careers of Insti- 
tute-supported fellows, assessments 
of educational institutions, and 
analyses of national trends. 



Overview 

Graduate Education in the 
Biological Sciences 

In the graduate area, the Institute 
monitors the progress of its predoc- 
toral, medical student, and postdoc- 
toral fellows through information 
provided in their annual reports. As 
students proceed through their fel- 
lowship years and beyond, the Insti- 
tute will continue to track their 
training and subsequent profession- 
al activities by monitoring advanced 
degrees received, additional 
research training, indicators of 
research involvement and produc- 
tivity, academic appointments, and 
other career outcomes. Much of 
this information will be derived 
through mail surveys of fellows. 
National longitudinal databases will 
provide additional information on 
progress of the Institute's fellows as 
well as normative data on relevant 
national cohorts for purposes of 
comparison. 

Medical Student Fellows. An 
extensive tracking system for par- 
ticipants in the Institute's Research 
Training Fellowships for Medical 
Students program and those in the 
Howard Hughes Medical Insti- 
tute-National Institutes of Health 
Research Scholars program is 
already well developed through a 
five-year grant to the Association of 
American Medical Colleges. The 
grant enables the AAMC to use a 
variety of national databases to 
track the educational progress and 
long-term careers of the Institute's 
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fellows and scholars and, for com- 
parison, Ihosc of a number of 
national cohorts of other M.I), and 
M.D./Th.l). graduates. This (rack- 
ing project and some preliminary 
results were summarized in Grants 
for Science Education, 1991-1992. 

A special section later in this 
chapter provides an in-depth update 
of the medical student tracking 
project. Data are presented on the 
numbers of 1992-1993 medical stu- 
dents and 1993 M.I), graduates 
known to have been enrolled in 
M.D./Th.l). dual-degree programs, 
including those supported through 
the Medical Scientist Training Pro- 
gram (MSTP) of NIH. The section 
also presents findings from the 
tracking project on elapsed time 
from medical school matriculation 
to graduation, expressed interest in 
careers involving research, years of 
clinical training, and recent M.I), 
graduates with earned doctoral 
degrees. Data on these subjects are 
presented for each of five M.D. 
graduating classes (1988 through 
1992) and, within each class, for 
several discrete groups: the Insti- 
tute's fellows and research scholars, 
students who have had MSTP sup- 
port, other students in M.D./Ph.I). 
programs, those expressing strong 
interest in research careers, and 
other M.D. graduates. 

Predoctoral and Postdoctoral 
Fellows. A parallel effort to track 
the progress of the Institutes pre- 
doctoral and postdoctoral fellows is 
currently under development and 
will be initialed during 1993-1994. 
This tracking will be based primari- 
ly on fellows' responses to annual 



surveys concerning educational and 
career outcomes to date and plans 
for the future. National databases 
may also be used as data sources in 
this assessment effort, again possi- 
bly for making comparisons. The 
surveys are also being used to 
develop cumulative directories of 
the Institute's fellows. 

Undergraduate Science Education 

Program assessment in the under- 
graduate area has focused on the 
institutions receiving grant support 
through the Institutes undergradu- 
ate grant program, using annual 
progress reports and several nation- 
al databases, ftach college or uni- 
versity receiving an Institute award 
submits an annual report detailing 
the Institute-supported activities. 
These reports provide data on stu- 
dent development in the sciences, 
covering such topics as involvement 
in research and acceptance into 
graduate or medical school. The 
Institute is particularly interested ' M , 
monitoring the participation of 
women and minority students 
underrepresented in the sciences. 

The annual progress reports also 
cover science faculty, curriculum 
and laboratory development, and a 
variety of outreach programs. Data 
from these reports are summarized 
in the previous chapter on under- 
graduate science education. 

Precollege and Public Science 
Education 

Because the Institute's grant initia- 
tives under the precollege and pub- 
lie science education program were 
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only recently begun, the associated 
assessment activities are in the 
early stages. Nonetheless, each 
major initiative within the program 
is to have an assessment compo- 
nent. Planning and development of 
assessments for precollege and 
public science education will take 
into account experience gained 
from assessments in the areas of 
gradua. 1 and undergraduate sci- 
ence education. 

Local Precollege Initiatives, 
Local precollege initiatives are pro- 
filed in the chapter on precollege 
and public science education. In 
1992-1993 one of these initiatives 
was formative ly evaluated — the Stu- 
dent and Teacher Intern Program at 
the National Institutes of Health. 
This program provides research 
opportunities in NIH laboratories 
for students and teachers from high 
schools in Montgomery County. 
Maryland. The evaluation was con- 
ducted by the Montgomery County 
Public Schools and NIH with the 
support of the Office of Grants and 
Special Programs, Specifically, eval- 
uation was undertaken to determine 
how administration of the program 
might be improved and to docu- 
ment its short-term impact on both 
student and teacher participants. 

Four aspects of the program 
were examined: (1) the participant 
selection process, (2) program 
operation, (?>) p - m activities, 
and (4) costs. Data were collected 
using focus groups of 1992-1993 
student interns and a sample of pre- 
ceptors from the three most recent 
years of the program. Individual 
interviews were conducted with 



teacher interns from the two most 
recent years, and with science 
resource teachers whose schools 
applied but were not accepted. 
Group interviews were conducted 
with administrators from NIH and 
Montgomery County public 
schools, Finally, e valuators 
observed meetings and special 
events such as scientific presenta- 
tions and an alumni banquet (Fig- 
ures 64 and 65). 

Figure (i-i 

Program-Sponsored Activities for Student 
and Teacher Interns 

■ Working in a research laboratory 

■ Making an oral presentation of research findings at a dinner 
symposium 

■ Developing outreach activities (o strengthen science education in 
other Montgomery County public schools 

■ Participating in poster presentations 

■ Participating in an NIH scientist seminar series 

Figure 

Data Collection Methods for Evaluation of 
the Student and Teacher Intern Program 

■ Focus groups: 

1092-1 903 stuctem interns 

preceptors selected from three program years 

■ Interviews with teacher interns who participated and teachers 
wl.ose schools were not accepted in the program 

■ Interviews with program administrators from NIH and 
Montgomery County public schools 

■ Observations of special events such as presentations and an 
alumni banquet 



Program Assessment 



Based on the results of Iho evalu- 
ation, several changes have been 
made in the 1993-1994 program. 
These include 1 improvements in the 
process for selecting students and 
teachers, reduction of the time 
teachers will spend in research and 
continuing education activities 
(with no compromise of the quality 
of the experience), and more effi- 
cient use of program funds. Other 
efforts are being made to imple- 
ment additional recommendations 
regarding the type and duration of 
program activities and channels of 
communication among students, 
teachers, preceptors, and adminis- 
trators. These changes are expect- 
ed to enhance the experience for 
everyone involved. The program 
continues to be evaluated through 
annual reports provided to the Insti- 
tute and through routine data col- 
lection by the N1H Office of Educa- 
tion. 



Education and Career 
Outcomes of Physician- 
Scientists 

The Institute of Medicine, in its 
report Biomedical and Behavioral 
Research Scientists: Their Training 
and Supply, emphasized the impor- 
tance of evaluating fellowship and 
training programs designed to 
increase the number and quality of 
medically trained research scien- 
tists, noting that little research had 
been done in this area. Program 
evaluation for clinical investigators, 
the report pointed out, involves the 
complexities of training and track- 



ing the academic physician-scien- 
tist. Until recently, little information 
has been available on the long-term 
educational and career outcomes of 
physician-scientists generally and of 
M.D./Ph.D.'s in particular. 

The Institute has two grant pro- 
grams that support the education 
and training of physician-scientists; 
(1) Research Training Fellowships 
for Medical Students and (2) Post- 
doctoral Research Fellowships for 
Physicians. (See the previous chap- 
ter "Graduate Science Education.") 
The Research Scholars Program, 
operated jointly by the Institute and 
NIH. is also aimed at attracting 
medical students to research. 

In order to assess the outcomes 
of the Institute programs for med- 
ical students, and to explore the fac- 
tors affecting career outcomes of 
physician-scientists, the Institute in 
1989 awarded a five-year grant to 
the Association of American Med- 
ical Colleges. The grant has 
enabled the AAMC to use existing 
national databases to track the edu- 
cational progress and subsequent 
careers of the Institute's fellows and 
scholars. 

The AAMC project is also track- 
ing a number of other study groups 
of M.I), graduates to provide a con- 
text in which to assess the out- 
comes for the Institutes fellow and 
scholar populations. A variety of 
educational and career outcomes 
are monitored annually for each 
group studied, beginning in the 
year the M.I), is awarded and con- 
tinuing through mid-career. This 
long-term tracking is designed to 
provide measurements of career 
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progress, with emphasis on indica- 
tors of involvement in research. 

In addition to long-term tracking 
of the Institute's fellows and schol- 
ars, the AAMC study has provided 
annual information on the nation's 
supply, demographic characteris- 
tics, and educational patterns of 
M.D./Ph.D.s generally. Findings 
have been presented in the three 
latest editions of the annual Grants 
for Science Education. 

Overview of the Medical Student 
Tracking Project 

The primary objective of the tracking 
project is to follow the progress of 
the Institute's fellows and scholars 
by annually monitoring a variety of 
key educational and career outcome 
measures. To place the findings in a 
broader context, the project also 
monitors these outcome measures 
for four independent comparison 
groups: students in dual-degree 
M.D. /Ph. I), programs who were 
supported through the N1H Medical 
Scientist Training Program (MSTP), 
other medical school graduates 
reported to have been in M.D. /Ph.D. 
programs but not in the MSTP, grad- 
uates who have not been in such pro- 
grams but who expressed significant 
interest at graduation in a career 
involving research, and all other 
M.I), graduates. 

A variety of educational and 
career outcome measures are moni- 
tored annually for each of the 
groups under study. Analysis 
begins the year the M.I), is 
received, and all measures are 
updated in each subsequent year. 



Thus, each new class of M.D. grad- 
uates is tracked as an independent 
cohort, with all outcome data for 
each cohort updated annually. 

Because analysis begins with 
receipt of the M.D. degree, mean- 
ingful data are not yet available on 
certain outcomes for the Institute's 
fellows and, in some cases, for the 
scholars as well. Only in the most 
recent year or two have sufficient 
numbers of fellows received their 
M.D. degrees to allow for collection 
of meaningful data on early out- 
comes. In addition, other outcomes 
being monitored (e.g., appointment 
to medical school faculty) require a 
relatively long postfellowship period 
before occurring in meaningful 
numbers. Therefore, several of the 
studies presented here include data 
on the Institute's fellows and schol- 
ars, while others do not. Within the 
next few years, the numbers of stu- 
dents in the Institute's study groups 
who cam the M.O. should be suffi- 
cient for early analyses in all areas, 
and the results will be reported as 
they become available. 

The remainder of this section 
presents several of the primary find- 
ings to date from the medical stu- 
dent tracking project. These con- 
cern the size of the national pool of 
M.D./Ph.l). students and graduates 
in recent years, the average number 
of years from matriculation in med- 
ical school to graduation with the 
M.D. degree, interest expressed at 
graduation in careers involving 
research, average years of clinical 
training, early data on appointments 
to medical school faculty positions, 
and numbers of recent M.D. gradu- 



ates with earned doctoral degrees. 
Some of these data are preliminary 
and subject to change, since the 
tracking systems are still being 
refined and the study of some of the 
outcomes will require more time. 

The Annual Pool of Students in 
M.D./Ph.D. Programs 

'Hirough the Institutes grant to the 
AAMC, annual data are gathered on 
the size and characteristics of the 
national pool of M.D./Ph.D. stu- 
dents and graduates. Informal sur- 
veys have estimated the number of 
medical students enrolled in M.l),/ 
Ph.D. programs in selected years. 
The MSTP, principal single source* 
of funding for M.D./Ph.D. candi- 
dates, provides a starting point for 
such an estimate. The MSTP sup- 
ports approximately 750 full-time- 
equivalent sti. 'enls each year, and 
informal studies have suggested 
that they comprise about one-half of 
all those enrolled in dual-degree 
programs. 

Until recently, however, compre- 
hensive data concerning numbers 
of students enrolled or M.D. gradu- 
ates emerging from dual-degree 
programs have not been systemati- 
cally available, The numbers actual- 
ly earning doctoral degrees have 
also been largely unknown. Our 
studies indicate that the number of 
students enrolled in M.D./Ph.D. 
programs in recent years has 
exceeded 1,500 and that nearly 40 
percent of all graduates from these 
programs have received MSTP sup- 
port. Between 75 and 90 percent of 
recent graduates from dual-degree 



programs have actually earned the 
doctoral degree, 

In the last three editions of 
Grants for Science Education, data 
were presented on modienl students 
reported to have been enrolled in 
M.D./Ph.D. programs during the 
academic years 1989-1990, 1990- 
1991, and 1991-1992. Some- of these 
early findings were based, in part, 
on medical school reports to the 
AAMC of dual-degree student 
enrollment. Such reporting, howev- 
er, was known to be incomplete. 
Under the Institute's grant, the 
AAMC initiated an ongoing effort to 
ensure complete, accurate, and 
timely reporting. The AAMC has 
also continued to work with N1H to 
improve the data on students receiv- 
ing MSTP support. As a result, the 
data concerning the numbers of 
medical students enrolled in, and 
graduating from, dual-degree pro- 
grams arc significantly improved 
for the academic years 1989-1990 
through 1992-1993 and, to a limited 
extent, for earlier years as well. 

Data currently available from the 
AAMC and NIH indicate that a total 
of 2,400 medical students were 
reported to have been enrolled in 
M.D./Ph.D. programs during the 
1992-1993 academic year. Of those, 
1,155, or 48 percent, are known to 
have received MSTP support at some 
point (Figure 66). In any one year, 
the program supports approximately 
750 full-time-equivalent students. 
'Hie number of participants, particu- 
larly among continuing students, is 
expected to increase somewhat, once 
complete data on students supported 
for the first time during 1992-1993 
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Students Reported to Have Been Enrolled in M.D./Ph.D. 
Dual-Degree Programs: 1 Continuing Students and M.D, 
Graduates, Academic Year 1992-1993 



DuuMH'grrc Protfrunr 


Continuing 
SlunVut.s 

No. 


M.D. Graduates 

N«. 


Total 
Knrullm *nt 

No. 
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Totals* 


2,007 100% 


333 100% 


2,400 100% 



'M//r/ represent M. I), students reported hy their medical schools la hare been enrolled in M.DJPh.l). pr<e 

fffUUl.S. 

'''With MSTl' support" indicates s/wlen/s lislnl by Ihrir medical srb'ml. m reports la I In- Sal it ma I ln.\til Hits 
nflhuHh, as mtpportcd through the Sill Medical Scuvlixl Training Vruyraui award to thai school. Such sup- 
port could haevtaen for any ycar(s) from 197X thrauah HHIJ. 

"Willi other ur no support " indinttcs students listed hy their medical school, in reports to the Association of 
American Mctlaat Cotleycs. as en railed in an M.lh'l'h.l). program { and not subsequently reported as with- 
d man from (he yroara m ). hat who a re not on the XIII rosters of (hose hn ring receircd MS7V support. 

't hese da ttt do ual represent the M.lhl'h. I), population pel se: only students reported In hare In en enrolled in 
such dual decree programs. Some of Ihe yead utiles trill not complete the /'//. It. unfit one or norr years follou- 
iuft Ihe I/, ft. Oilier students nail yradmtlcs may hare permanently dropped the I'hJ). component of their stud- 
ies. Also, there may ne students enrolled in M.lUPh.11 pray rams who arc not reflected in these data hecaiise 
Ihey a rr nut reported to he so enrolled. Finally, many M.I), s who also hold the Ph.D. cam the doctorate heforc 
cntcriutj medical school, and so are nerer enrolled in dual deyrce prourants. 



become available from Nil I (in about 
a year). However, no significant 
increase in the estimated proportion 
of M. I). /Ph.D. students receiving 
MSTP support is expected to result 
from this information, 

Of the 2,400 medical students 
reported to have been in M.D./ 
Ph.D. programs in 1992-1993. 333 
were awarded the Ml), degree in 
199:i Of these. 130, or 39 percent, 
are known to have received MSTP 
support at some time during their 
enrollment in medical school. 

In addition to information on the 
M.D. graduates of 1992-1993, data 
have been assembled for the gradu- 



ating classes of 1988 through 1993 
011 the annual number of M.D. grad- 
uates reported to have been 
enrolled in M.D./Ph.D. programs 
(Figure 67), including those known 
to have received support through 
the MSTP. The historical data iden- 
tify approximately 200 to 325 such 
students awarded the M.D. degree 
each year, with somewhat less than 
one-half (in the most recent three 
years) known to have received 
MSTP support at some point during 
their enrollment in medical school. 

From 1988 through 1992, the 
number of new medical school 
graduates reported annually to have 



Figure 67 



M.D. Graduates, 1988-1993, Identified as Having Been 
Enrolled in M.D./Ph.D. Programs 



Number 




1988 1989 1990 1091 1992 1993 

Year of M.D graduation 

■ With MSTP support ■ \ ir ith other or no support, 



been enrolled in dual-degree pro- 
grams increased notably, particular- 
ly among those not supported 
through the MSTP. This observa- 
tion may reflect real growth in the 
annual number of such graduates 
emerging from M.D./Ph.D. pro- 
grams, or it may represent, at least 
in part, an artifact of the improved 
reporting (n^ted above) by the 
medical schools. 

In 1993, for the first time, the 
data for the graduating class do not 
show a notable increase in the num- 
ber of reported graduates from 
M.D./Ph.D. programs. Because the 
improved reporting systems have 
bee. , place for at least three 
years, the most recent data suggest 
that no substantial change occurred 



in the number of such graduates in 
1992-1993. Over the iv.xt several 
years, data on enrollment in M.D./ 
Ph.D. programs collected through 
this project should provide a consis- 
tent and accurate picture of the 
annual pool of such dual-degree stu- 
dents and graduates. 

It should be noted that these 
data on enrollments and gradua- 
tions do not represent the entire 
pool of M.D./Ph.D. graduates per 
se. for several reasons. Rather, they 
represent M.D. students and gradu- 
ates identified as having been 
enrolled in M.D./Ph.D. programs 
on the basis of their receipt of 
MSTP support and/or of medical 
school reports to the AAMC. While 
receipt of the M.D. is confirmed for 
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the graduates, receipt of the Ph.D. 
is not. Some of the graduates will 
not be awarded the Ph.D. formally 
until one or more years after the 
M.l). Also, some of the continuing 
students and graduates may have 
permanently dropped the Ph.D. 
component of their studies. Howev- 
er, most of the recent M.D. gradu- 
ates known to have been enrolled in 
M.D./Ph.D. programs have earned 
doctoral degrees, as will be seen 
below. (See also Grants for Science 
Education 1991-1992, page 71.) 

There may be other medical stu- 
dents enrolled in and graduating 
from M.D./Ph.D. programs who 
are not reported to the AAMC by 
the medical schools. Finally, other 
analyses from this project indicate 
that many M.D./Ph.D. 's earn the 
doctorate well before the M.D. and 
thus never enter a dual-degree pro- 
gram. (See data presented below 
and data in Grants for Science Edu- 
cation 1991-1992, page 76.) 

Elapsed Years from Medical School 
Matriculation to M,D. Graduation 

The length of time required to com- 
plete medical education and train- 
ing affects significantly the point at 
which a new M.D. can begin clinical 
practice. The substantial additional 
time required to complete a concur- 
rent doctoral degree prolongs the 
point at which M.D./Ph.D. gradu- 
ates from dual-degree programs 
enter the post-medical school 
stages of their careers to begin pro- 
ductive research, clinical work, or 
both. This additional time has been 
suggested as a possible deterrent to 



students' entering dual-degree pro- 
grams, and thus as potentially limit- 
ing the supply of new M.D./Ph.D.s. 

It is therefore of interest to exam- 
ine the elapsed time from matricula- 
tion in medical school to receipt of 
the M.D. degree. Figure 68 pre- 
sents these data as averages for six 
study populations in each of five 
recent M.D. graduating cohorts 
(1988 through 1992). 

The population with the greatest 
average elapsed time is that of stu- 
dents in M.D./Ph.D. programs who 
are known to have been supported 
through the MSTP. This group has 
consistently averaged about seven 
years of elapsed time from matricu- 
lation to M.D. Seven years is typi- 
cally the time taken by most dual- 
degree students to complete both 
an M.D. and a doctoral degree con- 
currently. These data thus suggest 
that most of the M.D. graduates 
enrolled in M.D./Ph.D. programs 
who are supported by MSTP funds 
are in fact completing both degrees, 
a finding that will be directly con- 
finned in a later section on earned 
doctoral degrees. 

The average elapsed period that 
is next longest is consistently found 
for the students who are reported to 
have been in M.D./Ph.D. programs 
but who did not receive MSTP sup- 
port. Interestingly, this group's 
average elapsed time has steadily 
increased from about 5.4 years for 
those graduating in 1988 to an aver- 
age 6.4 years for those graduating 
in 1992. This finding suggests that a 
greater proportion of such non- 
MSTP M.D./Ph.D. students have 
been completing the doctoral 
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Figure 68 



Elapsed Years from Matriculation to M.D. Graduation, 
1988-1992, by Year of Graduation and Tracking Cohort 



Mean elapsed years 
8 




1989 1990 1991 

Yearof M.I), graduation and tracking cohort 



Medical student fellows 
Research scholars 
MSTP M.nyPh.D, 



^ Other M.D/Ph.D. 

Interested in research 
■ All other M.D. graduates 



degree portions of their studies in 
recent years, but that this propor- 
tion is lower than that for dual- 
degree students with MSTP sup 
port. This interpretation is support- 
ed by preliminary data on earned 
doctoral degrees. 

The students not reported to 
have been in M.D. /Ph.D. programs 
but who indicated significant inter- 
est at graduation in a career involv- 
ing research, and all other M.D. 
graduates, have consistently aver- 
aged 4,1 to 4,2 elapsed . <*s in 
medical school, strongly suggesting 
essentially uninterrupted medical 
study for nearly all M.D, graduates 
in each of these two populations. As 



will be seen in the earned doctorate 
data, only very small percentages of 
these groups have earned doctoral 
degrees (and most did so before 
entering medical school). 

Finally, the Institute's research 
scholars and medical student fel- 
lows appear preliminarily to have 
taken, on average, approximately 
one-half to one year longer to grad- 
uate from medical school than the 
four years generally required. Since 
the research scholars must take a 
one-year leave of absence from 
medical studies during their schol- 
arship year at NIH, one might 
expect their average elapsed time to 
be about 5.0 years, presuming no 
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further time is spent in other activi- 
ties, including the earning of a doc- 
toral degree. The mean elapsed 
time for the research scholars is in 
fact very close to 5.0 years. The 
most recent data available on 
earned doctorates indicate that, as 
of June 1992, very few of these stu- 
dents had earned such degrees. 

Only the most recent two 
cohorts of M.D. graduates (1991 
and 1992) contain any students who 
participated in the Institute's 
Research Training Fellowships for 
Medical Students program. These 
students' mean elapsed times from 
medical school matriculation to 
M.D. graduation were approximate- 
ly 4.5 years. Most but not all of 
these students also must take a 
one-year leave of absence from 
medical studies to participate in the 
fellowship program. However, some 
medical schools (e.g., Duke Univer- 
sity) permit the fellowship year to 
be included as one of the four years 
of medical study. Because the fel- 
lowship program has had substan- 
tial enrollment from such schools, 
the average elapsed time for the 
students in the program could be 
expected to be somewhat shorter 
than that for the research scholars 
but longer than the four years 
required for medical study, and this 
is the pattern actually observed to 
date. As will be noted in the section 
on earned doctorates, little or no 
meaningful doctoral degree data are 
yet available for the two most recent 
graduating classes. 



Interest in Research Careers as 
Expressed at M.D, Graduation 

Students graduating from medical 
school are surveyed on a host of 
issues relevant to medical educa- 
tion, training, and practice. Known 
as the Graduation Questionnaire, 
this survey is designed and adminis- 
tered by the AAMC, Participation is 
voluntary, and approximately two- 
thirds of M.D. graduates respond. 

One item on the survey explores 
the graduate's level of expectation 
"to be involved in research during 
your medical career." These self- 
repcrted expectations at M.D. gradu- 
ation indicate preliminary levels of 
interest in careers involving scientif- 
ic research. The data were examined 
for each of the cohorts involved in 
the tracking project and are present- 
ed in Figure 69. (No data are pre- 
sented here for the tracking cohorts 
of students "Interested in research" 
or for "All other M.D. graduates," 
because 100 percent and 0 percent of 
these two groups, by definition, have 
shown interest.) 

Approximately 14 percent of all 
graduates who respond to the Grad- 
uation Questionnaire typically 
expect to be "exclusively" or "signif- 
icantly" involved in research. In 
contrast, at least three-quarters of 
each of the M.D. graduate cohorts 
tracked in this study from 1988 
through 1992 (who responded to 
the questionnaire) indicated such 
expectation. The group with the 
hignest percentage of members 
who expressed interest in research 
(85 to 95 percent) comprised the 
graduates from M.D. /Ph.D. pro- 
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Figure 09 



Expressed Interest in Research at M.D. Graduation, 
1988-1992, by Year of Graduation and Tracking Cohort 
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grams who received MSTP support. 
About 75 to 80 percent of the gradu- 
ates enrolled in dual-degree pro- 
grams but not supported by the 
MSTP reported interest. 

'Hie Institute's research scholars 
who have earned M.D. degrees 
have typically expressed interest in 
research to an extent equal to, or 
somewhat above, that reported by 
the non-MSTP dual-degree program 
graduates but not quite to the 
extent of the MSTP-supported grad- 
uates. Finally, only the most recent 
year's data (1992) cover a sufficient 
number of medical student fellows 
to provide meaningful results in this 
area. Approximately 85 percent of 
the fellowship students who gradu- 
ated in 1992 expressed a significant 



or exclusive interest in a research 
career. The groups level of interest 
was roughly comparable to that of 
the MSTP-funded dual-degree grad- 
uates. 'Hie assessment program will 
continue to examine this issue. 

Years of Clinical Training Following 
Receipt of the M.D. Degree 

An extended period of clinical train- 
ing following receipt of the M.D. 
degree is requisite to becoming a 
physician. The clinical training peri- 
od may be equally important to the 
physician-scientist, who must be 
prepared to integrate the clinical 
and research aspects of his or her 
work. Until recently, however, little 
or no data were available on the 
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Figure 70 



Years of Clinical Training Since M.D. Graduation, 
1988-1992, as of Academic Year 1992-1993 

Mean years 
5 
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Year of M.D. graduation and tracking cohort 
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amount of time spent in clinical 
training by recent M.D./Ph.D.s. 

Figure 70 presents the average 
number of years to date (i.e., 
through the 1992-1993 academic 
year) spent in clinical training by 
each of the six study groups of the 
tracking project in the five most 
recent M.D. graduating cohorts 
(1988 through 1992) for which data 
are currently available. The data on 
clinical training are provided 
through the AAMC's Graduate 
Medical Education program, where- 
in all hospitals and other institutions 
offering accredited internship pro- 
grams provide information annually 
on all students so engaged. 



These data indicate that, with 
only slight and largely nonsystemat- 
ic variations, the following groups 
are pursuing equal average amounts 
of formal clinical training: the Insti- 
tute's research scholars and medical 
student fellows, students who have 
been in M.D./Ph.D. programs, 
other M.D. graduates expressing 
substantial interest in careers involv- 
ing research, and all other M.D. 
graduates. Thus, recent M.D./Ph.D. 
students appear on average to have 
pursued a period of clinical training 
approximately equal in length to 
that undertaken to date by the aver- 
age M.D graduate. The only possi- 
ble systematic exception may be 
among dual-degree students sup- 



ported by MSTP funds. At present, 
these students have averaged very 
slightly less time in clinical training 
than, say, the group "AH other M.D. 
graduates/' 

Finally, with each additional year 
following M.I), graduation, the aver- 
age length of clinical training 
appears to increase by slightly less 
than one year. For example, the 
graduating class of 1992 has had 
one year to date to pursue clinical 
training, and the average length of 
such training is almost precisely 1.0 
year. The class of 1991 had two 
years for clinical training, and its 
students' means are slightly less 
than 2.0 years. Similarly, means of 
just under 3.0 are found for the 
class of 1990. 

However, the class of 1989. 
which had four years for clinical 
training, currently averages approx- 
imately 3.5 years (with a little varia- 
tion among the groups), and the 
oldest graduating class in the track- 
ing analysis (1988) averages around 
the 4.0-year mark (with slightly 
more variation), though having had 
fully five years for clinical training 
since M.D. graduation. Thus, in 
each of the six populations, it 
appears that very few students 
forego or postpone their first three 
years of clinical training. Beyond 
this point, it appears that some stu- 
dents, but not large numbers, with- 
draw from or begin lo defer this 
work. 



Preliminary Data on Appointments 
to Faculty Positions in Medical 
Schools 

The AAMC maintains a database on 
all persons appointed lo faculty posi- 
tions in medical schools. Such a 
position is one possible career step, 
or outcome, for the M.D. /Ph.D., 
and is often an indicator of some 
level of involvement in research. 
Therefore, it is of interest to moni- 
tor for each of the tracking popula- 
tions the proportion appointed to 
medical school faculty positions. 
The data on medical school faculty 
appointments through academic 
year 1992-1993 are presented in 
Figure 71. (These results must be 
considered very preliminary when 
viewed as career outcome mea- 
sures. They are subject to substan- 
tial change in coming years, 
because even first faculty appoint- 
ments are often received more than 
five years after M.D. graduation.) 

Within four years after receipt of 
the M.D. degree, very low percent- 
ages of the populations tracked in 
the study have been appointed to a 
faculty position at a medical school. 
Five y^ars after graduation, these 
proportions appear to rise consider- 
ably (as represented by the class of 
1988), ranging from about 3.5 to 6.0 
percent. The highest percentages 
that have received medical school 
faculty appointments to date are 
found, for the most part, among 
M.D. graduates who were enrolled 
in M.D./Ph.D. programs and sup- 
ported by MSTP funds. 

In future years these percent- 
ages are expected to increase for all 
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Figure 71 



Percentage of M.D. Graduates, 1988-1992, Who Have 
Held Faculty Appointments at Medical Schools as of 
Academic Year 1992-1993 

Percent 



3 I 




1992 



Year of M.D. graduation and tracking cohort 



■ Research scholars Interested in research 

■ MSTP MJ)yph.I). ■ All other M.I), graduates 
■• Other M.OyPh.D. 



classes and study groups as they 
complete their postgraduate clinical 
training and postdoctoral research 
work. The data for those years will 
be examined for appointments in 
clinical departments as compared 
with those in more research-orient- 
ed ones, once the numbers are suffi- 
cient to make such distinctions sta- 
tistically meaningful. 

Doctoral Degrees Earned as of 
June 1992 

Data on the numbers of M.D, gradu- 
ates who earn a doctorate are essen- 
tial to quantifying the nation's pool 
of M.D. /Ph.D. 's. Information on 
how and when the two degrees -e 



earned will aid in distinguishing the 
relative contributions of the various 
educational pathways leading to the 
two degrees, and in identifying any 
differences in career outcomes 
among M.D./Ph.D's following dif- 
ferent routes. Of particular interest 
in this regard are the career out- 
comes of dual-degree recipients 
graduated from M.D. /Ph.D. pro- 
grams as compared with outcomes 
for those who earn the two degrees 
independently. Finally, the discipli- 
nary fields of the doctorates indicate 
the general scientific (and other) 
areas of training acquired by M.D./ 
Ph.D's. Thus, receipt of an earned 
doctorate is one of the primary edu- 
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eational outcomes to be monitored 
in the longitudinal career tracking of 
M.I), graduates in each of the study 
groups in this project, particularly 
the Institute's fellows and scholars, 
and students known to have been in 
M.I) ./Ph.D. programs. 

The definitive source of informa- 
tion on earned doctorates is the 
Doctorate Records File. This is the 
national database of all earned doc- 
toral degrees awarded by U.S. insti- 
tutions from 1920 to the present. 
The DRF is maintained by the 
National Research Council for the 
National Science Foundation, 
National Institutes of Health, 
Department of Agriculture, and 
National Endowment for the 
Humanities. 

Selected information from the 
DRF has been used for several 
yars to track all M.D. graduates' 
receipt of earned doctorates from 
1988 through 1992. Recent M.I), 
graduates in each study group of 
the tracking project were checked 
against the DRF to determine how 
many are known to have earned the 
Ph.D. (or equivalent) at any time 
through June 1992. 

The DRF data that were used in 
this analysis include the year of 
| receipt and the general disciplinary 

1 area of each doctorate. Because the 

| DRF data are currently available 

only through June 1992, all analyses 
presented here are limited to the 
M.D. graduating classes of 1988 
through 1992. 

Data obtained through the DRF 
analysis provide the numbers of 
M.D. students in each of the track- 
ing project's study groups who 
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received, in addition lo the M.D. 
degree, a doctoral degree at any 
time through June 1992. This analy- 
sis thus locates dual-degree pro- 
gram students, including those with 
or without MSTP support, who have 
earned both degrees. It also locates 
other recent M.D. graduates with a 
Ph.D. who were not identified as 
having been in dual-degree pro- 
grams — students who entered med- 
ical school with a Ph.D. and those 
who independently earned the doc- 
torate (during or prior to June 1992) 
after receiving the M.D. degree. 
This analysis thus provides unique 
and essentially complete data on the 
recent pool of M.D./Ph.D.'s. 

Beginning with the graduating 
class of 1988, M.D. graduates who 
were enrolled in dual-degree pro- 
grams with MSTP support have 
accounted for approximately 100 
new M.D./Ph.D.'s from each class 
(Figure 72). In the three oldest class- 
es studied (1988 through 1990), 
M.I), graduates who expressed sig- 
nificant interest in research, and all 
other M.D. graduates, have account- 
ed for the greatest absolute numbers 
of M.D./Ph.D.'s. However, in the 
two most recent classes (1991 and 
1992), each of the four study groups 
has produced approximately equal 
numbers (90 to 100) of such new 
dual-degree holders. 

The study group of students 
reported to have been in M.I)./ 
Ph.D. programs but without MSTP 
support appears to have accounted 
for an increasing number of new 
M.D./Ph.D.'s since 1988. This 
growth, however, may be an artifact 
of the better reporting of such stu- 
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Figure 72 



M.D. Graduates, 1988-1992, with Doctoral Degrees as of 
June 1992: Numbers and Ph.D. Fields by Year of M.D. 
Graduation and Tracking Cohort 



Number with Ph.D. 
17n 




A B C D 
1980 1990 1991 

Year of M.D. graduation and tracking cohort 



BCD 
1092 



Biological sciences 
Other natural sciences 
All other fields 



A MSTP M.D./Ph.D. 

B Other M.D/Ph.D. 

C I nterested in research 

D All other M,D, graduates 



dents noted earlier. Beginning with 
the class of 1990, when consistent 
reporting began, the number of 
dual-degree holders in this group 
has been nearly constant at approxi- 
mately 90 to 100 each year. 

No data on earned doctoral 
degrees are presented here for the 
Institute's fellows or research schol- 
ars. Through June 1992, only two 
such students are known to have 
earned the Ph.D. degree. Future 
years' data from the tracking project 
will be necessary to determine how 
many of these students earn doctor- 
al degrees. 

In all study groups and all class 
years, a large majority of M.D./ 



Ph.D.'s earned their doctoral 
degree in the biological sciences 
(Figure 72). On a proportional 
basis, this applies most to students 
known to have been in dual-degree 
programs, either with or without 
MSTP support. Among those inter- 
ested in research and all other M.D, 
graduates, the numbers and propor- 
tions with Ph.D.'s in other natural 
sciences and mathematics are 
somewhat greater, though doctor- 
ates in the biological sciences pre- 
dominate among these study 
groups as well. Only the latter two 
study groups, however, contain 
appreciable numbers of M.D./ 
Ph.D/s holding doctorates in fields 
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M.D. Graduates, 1988-1992, Who Had Earned a 
Doctoral Degree as of June 1992 



Percent 
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other than the sciences and mathe- 
matics. 

In |)roporlional terms the highest 
percentages of M.D. graduates hold- 
ing an earned doctoral degree by 
June 1992, in each of the classes 
from 1988 through 1992, are found 
among those in dual-degree pro- 
grams and supported by MSTP 
funds (Figure 73). Approximately 70 
to 90 percent of these graduates are 
known to have earned a Ph.D. by 
that time. The proportion increases 
steadily, reaching nearly 90 percent 
among such students from the class 
of 1988. Those results indicate that as 
many as 20 percent of M.IX/Ph.D.s 
may complete the doctoral degree 
two or more years following award of 



die M.D.. and that eventually 90 jxm*- 
cent or more of all such MSTP stu- 
dents may earn the doctoral degree. 
Future data from the tracking project 
will monitor this trend. 

By far the next highest percent- 
age 1 holding an earned doctorate is 
found among the other students 
known to have been in M.D./Ph.I). 
programs. This proportion also 
shows steady increase since M.I), 
graduation for the classes of 1990 
through 1992, In the prior two class- 
es (i.e., those of 1988 and 1989). 
this proportion appears to be lower. 
This result may be an artifact of the 
incomplete reporting of tries' 1 stu- 
dents prior to the 1990 class, or may 
represent actual recent increase in 
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Hit 1 proportion of such students 
earning the doctoral degree. 

'Hie two other study groups have 
provided absolute numbers of 
M D./ Ph.D.'s equal to or greater 
than the groups known to have 
been in dual-degree programs. On a 
proportional basis, however, less 
than 10 percent of those expressing 
interest in research, and only about 
1 to 2 percent of all other M.l). 
graduates collectively, from each of 
these five graduating classes, had 
earned doctoral degrees by June 
1992. 

Sequence and Timing of the M.D. 
and Ph J). Degrees 

Reporting in the Journal of the 
Ameriran Medical Association (264: 
1919-1920, 1990) on the first annual 
symposium on the education of 
physician-scientists, E. Krill and A. 
Skolnick noted the dearth of com- 
parative information on the careers 
of graduates from dual-degree pro- 
grams and on those of M.l)./ 
Ph.D. s who earned the two degrees 
independently. The authors noted 
that no comprehensive longitudinal 
studies of career outcomes among 
either group had been conducted. 
In order to address this issue, one 
must determine the sequence and 
timing of the two degrees. 

Analyses to date have focused on 
determining the numbers of M.D./ 
Ph.D. s who earned the two degrees 
in each of three sequences: earned 
the Ph.D. three or more years prior 
to the M.D., earned the two degrees 
approximately coterminously, or 
earned the Ph.D, two or more years 



alter the M.D, Results from these 
analyses are presented for selected 
study groups tracked in this project. 
In subsequent years, analysis will 
begin to focus on longer-term 
career outcomes, 

Nearly all of the M.D./Pli.D/s 
among recent M.D. graduates iden- 
tified as having been enrolled in 
dual-degree programs, with or with- 
out MSTP support, earned the 
Ph.D. more or less concurrently 
with the M.D. (Figure #4). Specifi- 
cally, they earned the Ph.D, fewer 
than three years prior to, and fewer 
than two years following, award of 
the M.D. (Generally the timing of 
the two degrees was within the 
expected range for graduates of 
such programs. 

In sharp contrast, most of the 
M.I). /Ph. I), s in the other study 
groups earned the Ph.D. degree 
three or more years before the 
M.D. Thus, most of Ihese M.D./ 
Ph.D, s appear to have entered med- 
ical school after completing, or 
nearly completing, their doctoral 
work. 

However, as many as 25 percent 
of recent M.D. graduates not report- 
ed to have been in M.D./Ph.D. pro- 
grams earned the two degrees 
more or less coterminously, within 
the range of timing expected for 
dual-degree programs (suggesting 
a need for confirmation of their 
reported status during medical 
school). Even so, as noted, the num- 
ber of M.D./Ph.D.'s who earned the 
doctorate well before the M.D. 
degree far exceeds the number who 
coterminously earned the two 
degrees. 
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Figure 74 



Sequence and Timing of M.D. and Doctoral Degrees: 
M.D. Graduates, 1988-1992, with Doctoral Degrees as of 
June 1992 



Number with Ph.D. 
175 
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Year of M.D. graduation and tracking cohort 

■ Ph.D. 3 or more years before M.D. A MSTP M.D/Ph.D. 

■ Approximately coterminous M.D. and Ph.D. B Other M.DTPh.D. 

■ Ph.D.2ormoreyearsafterM.D. C Interested in research 

D All other M.D. graduates 



Finally, as suggested in the 
analysis of the percentages of each 
class and study group holding 
earned doctorates (Figure 73), the 
classes of 1988 through 1990 now 
have a few M.D./Ph.D.'s who 
earned the doctoral degree two or 
more years after the M.D. degree. 
As noted, the analyses presented 
here are limited to doctoral degrees 



awarded by June 1992. In future 
years, more M.D. graduates in 
these five classes may earn doctoral 
degrees, raising both the absolute 
number of M.D./Ph.D.'s and the 
proportions of the various study 
groups holding both degrees. 
These and other analyses emerging 
from the tracking program will be 
reported as they become available. 
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Policies and Procedures for Grant Applications 



["rants and fellowships awarded 
by the Howard Hughes Medical 
Institute are administered by its 
Office of Grants and Special Pro- 
grains. The awards are made under 
specific initiatives, each with its own 
objectives and guidelines. 

In brief, graduate fellowships, 
grants for undergraduate and pre- 
college science education, and 
grants for research in selected 
countries abroad are awarded on 
the basis of applications or propos- 
als reviewed by outside panels of 
scientists and educators. The pan- 
ids' evaluations are reviewed by an 
internal scientific committee, which 
makes recommendations to the 
Institute's Trustees for authoriza- 
tion of funding. The Trustees and 
Institute management annually 
review current grants policies, ini- 
tiatives, and possible directions for 
program development. 



The Institute does not award 
grants for research in the United 
States; nor does it award institution- 
al training grants or support confer- 
ences or publications. Policies and 
procedures for the several program 
areas are described below. 



The Institute Grant-Making 
Process 

Institute grants and fellowships sup- 
port science education at all levels 
in the United States and its territo- 
ries. The six main program areas 
are graduate, undergraduate, and 
preeolletfe science education, 
research resources, special pro- 
grams (local initiatives), and the 
international program (Figure 75). 

Most of the competitions are 
announced publicly at the start of 
the grant cycle. Program announee- 
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The Grants Cycle 

Graduate Undergraduate PrecoUegc Research Resources Special (Local) International 
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Application 
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Ad hoc 
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External review 



Kxternal review panels or hV^l members from acidemia, government, and industry 
(review panels convened h\ S'HC for tlie predortoral fellowship program) 



Internal review Management/Trustees 
Awards $14.0 $25.2 $4.« $IJi 

Payment Biannual Annual 



$11.? 



$4.8 



Assessment 



Annual financial reports/progress reports/grantee meetings 



Hie HUM! grant -making process varies someuitat from program to program (top). Operations, however, arc broadly similar hi each phase of the 
grants cycle ( left, descntdiug). A call for appliealiomjor example, is made in alt programs, though some target different types of institutions or 
different regions from one competition to another. Tlic Awards row shows totals for fiscal 1993 in millions, (f ait Institute grants are included, the 
firand total is million. 
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menls give information on the 
objectives, eligibility requirements, 
and application process, and pro- 
vide an application form. All fellow- 
ships under the graduate programs 
are offered in open competition, 
while the institution-based grants 
(undergraduate and precollege) go 
to specific types of institutions that 
are invited to apply. The local initia- 
tive and resource awards are gener- 
ally by invitation only, and the inter- 
national awards are limited to 
selected regions. 

For the graduate fellowship pro- 
grams, applications are due several 
months after announcement. They 
typically include verification of eligi- 
bility, a proposal or research plan, 
the applicant's credentials, letters of 
recommendation, and a proposed 
budget. Additional materials such 
as publication reprints or education- 
al transcripts may be required. The 
completed applications are exam- 
ined by the grants staff to ensure 
completeness and eligibility. An 
exception is the prccloctoral fellow- 
ship program, for which, in view of 
the large number of applicants (up 
to 1,600 annually), the National 
Research Council manages the 
review under an Institute grant. 

For the undergraduate, precol- 
lege, and international programs, 
proposal deadlines follow the 
announcement by several months. 
Executive summaries, narrative 
descriptions of the proposed pro- 
gram, and budget summaries and 
detail are required. Institutions must 
also submit institutional and depart- 
mental data and, as appropriate, let- 
ters of commitment from collahorat- 
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ing institutions. They are asked to 
designate a program director. 

For the graduate, undergraduate, 
precollege, and international pro- 
grams, applications and proposals 
are assigned to external panel mem- 
bers for review and evaluation. Selec- 
tion of the reviewers, usually no 
more than 20 per competition, is 
based on professional credentials 
and expertise in a field germane to 
the program area. Panelists are gen- 
erally scientists and educators in 
academia, government, and industry 
who are asked to serve for a set term. 

An internal scientific committee 
next reviews the panel evaluations. 
The committee, in turn, makes rec- 
ommendatu to the Institute 
Trustees, who authorize funding of 
the specific awards. For the fellow- 
ships, however, authorization is via 
the fiscal-year program budget. The 
Trustees do not authorize the spe- 
cific awards in these cases. 

Following the Trustees' autho- 
rization, grants are announced to 
the awardees and the press. 
Awardee institutions are then asked 
to complete and sign a document. 
General Terms and Conditions, and 
for graduate programs, to name a 
fellowship officer. For the under- 
graduate and precollege programs, 
awardee institutions must also 
develop an accepted budget. As an 
adjunct to General Terms and Con- 
ditions, an information booklet set- 
ting forth detailed policies and pro- 
cedures is issued annually for each 
program. 

Beginning in fiscal 1995, pay- 
ments will be sent to institutional 
and international grantees annually 
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and to the fellowship institutions 
biannually. For the institutional 
grants, spending is governed by the 
previously agreed-upon budget. For 
the fellowships, the polieies on 
amounts and uses of funds are spec- 
ified in the information booklets. 

Grant recipients are assessed 
annually. Program and financial 
report forms are sent to each 
grantee for completion. These 
inform the staff of grant-funded 
activities and expenditures during 
the reporting year. In addition, 
annual meetings convene fellows 
and program directors at Institute 
headquarters in Chevy Chase to 
meet one another and invited 
guests, to hear presentations, and to 
exchange information and ideas. 
The international research 
awardees participate each year in 
one of the scientific meetings of 
Institute investigators. 

Finally, the Institute publishes 
annual reports on progress, 
finances, and program directions. 



Graduate Education in the 
Biological Sciences 

The Institute supports graduate 
education through fellowships to 
individual students and physic 5 * ns. 
As mentioned above, it does not 
award institutional training grants. 
There are three graduate fellowship 
programs. 

Predoctoral Fellowships in 
Biological Sciences 

These fellowships provide support 
for up to five years of full-time study 



toward the Ph.D. orSc.D. degree in 
specific areas of the biological sci- 
ences. They are awarded to individ- 
ual students through an internation- 
al competition. Processing and 
review of the fellowship applications 
are managed by the Fellowship 
Office of the National Research 
Council/National Academy of Sci- 
ences. The application deadline is in 
early November each year, and 
awards are announced by early 
April. 

Research Training Fellowships for 
Medical Students 

Fellowships awarded under this 
program enable medical students in 
the United States to undertake a 
year of full-time fundamental 
research. Awards are based on a 
national competition. The applica- 
tion deadline is in early December 
each year, and the awards are 
announced by early April 

Postdoctoral Research Fellowships 
for Physicians 

These fellowships provide support 
for three years of full-time research 
for physicians who have completed 
at least two years of postgraduate 
clinical training and no more than 
two years of postdoctoral research 
training by the start of the fellow- 
ship. Awards are based on an inter- 
national competition. The applica- 
tion deadline is in early January 
each year, and awards are 
announced by the end of July. 
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Research Resources 



For program announcements and fellowship 
applications contact: 



Predoctoral Fellowships in Biological Sciences 

Hughes Predoctoral Fellowship Program 
National Research Council 
Fellowship Office 
2101 Constitution Avenue 
Washington, DC 20418 



Research Training Fellowships for Medical Students 

Howard Hughes Medical Institute 

Office of Grants and Special Programs/MED 

4000 Jones Bridge Road 

Chevy Chase, MD 20815-6789 

(301) 215-8884 

Fax:(301) 215-8888 



Postdoctoral Research Fellowships for Physicians 

Howard Hughes Medical Institute 

Office of Grants and Special Programs/POST 

4000 Jones Bridge Road 

Chevy Chase, MD 20815-6789 

(301) 215-8884 

Pax:(301)21C-S88S 



This program provides support to 
research and educational institu- 
tions in the United States that serve 
as national resource laboratories 
and teaching facilities, including 
these supplying unique biological 
stocks and materials. The Institute 
limits the grants to organizations 
whose activities not only serve the 
biomedical research community as 
a whole, but also coincide with spe- 
cific Institute interests. All propos- 
als are rigorously evaluated to 
ensure that the awards respond to 
demonstrated needs. 



Undergraduate Biological 
Sciences Education Program 

Grants under this program are 
intended to strengthen undergradu- 
ate education and research in the 
biological sciences and such related 
fields as chemistry, physics, and 
mathematics, in U.S, academic insti- 
tutions. Proposals are submitted by 
invitation only. 

A principal objective of the pro- 
gram is to attract and retain science 
students, including women and 
members of minority groups under- 
represented in the sciences. One 
approach is through the support of 
stimulating research experiences, 
Another objective is to strengthen 
undergraduate science education 
by providing for the acquisition of 
modern equipment and for laborato- 
ry renovation. Another is to forge 
stronger links among educational 
institutions at all levels by providing 
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opportunities in the sciences for 
teachers and students. 

Competing institutions are 
assessed on the basis of their 
records of having graduated stu- 
dents who went on to matriculate in 
medical school or to earn doctoral 
degrees in biology, chemistry, 
physics, and mathematics (during 
the most recent 10-year period for 
which data are available). Institu- 
tions are invited to compete based 
on data from the Association of 
American Medical Colleges, the 
National Research Council, and the 
U.S. Department of Education. In 
addition, a number of institutions 
are invited to participate on their 
i coord of having graduated students 
from minority groups underrepre- 
senteel in the sciences wh ^ went on 
to medical school or to earn doctor- 
ates in biology or related fields. 

1994 Undergraduate Program 
Competition 

For the 1994 competition, invitations 
to compete have gone to public and 
private universities classified by the 
Carnegie Foundation for the 
Advancement of Teaching as 
Research Universities I and II and 
Doctorate-Granting Universities I 
and II. Research I universities 
receive annually at least $33.5 mil- 
lion in federal support for research 
and development and award at least 
50 Ph.D. degrees each year. 
Research II universities receive 
annually between $12.5 million and 
$33.5 million in federal support for 
research and development and 
award at least 50 degrees each year. 



Roth groups offer a full range of bac- 
calaureate programs, are committed 
to graduate education through the 
doctoral degree, and give high prior- 
ity to research. In addition to offer- 
ing a full range of baccalaureate pro- 
grams, the mission of doctorate 
granting institutions includes a com- 
mitment to graduate education 
through the doctorate. Doctorate- 
granting I universities award at least 
40 Ph.D. degrees annually in five or 
more academic disciplines. Doctor- 
ate-granting II universities award 
annually 20 or more Ph.D. degrees 
in at least one discipline or 10 or 
more Ph.D. degrees in three or 
more disciplines. 



Precollege and Public 
Science Education 

Through this grants program, the 
Institute explores avenues of sup- 
port for precollege and public sci- 
ence education. Initiatives are 
designed to address the level of sci- 
entific knowledge and interest of 
both schoolchildren and adults. 

In 1987 the Institute awarded a 
grant to the National Research 
Council to support a comprehensive 
study of biology teaching at the ele- 
mentary and secondary levels. In 
September 1990 the NRC reported 
the results in Fulfilling the 
Promise — Biology Education in the 
Nations Schools. The major findings 
and recommendations have been 
carefully considered in developing 
the precollege and public initiatives. 
Guidance is also provided through 
results of the precollege-orienled 
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outreach activities of the Institute's 
undergraduate program. 

'Hie precollege initiative currently 
under way provides support to sci- 
ence museums, aquaria, botanical 
gardens, and zoological parks. 

Awards to children's museums, 
general science and natural histoiy 
museums, and science and technol- 
ogy centers support science educa- 
tion programs for children and 
youth, their teachers and families, 
and community organizations. 
Grants were awarded in 1992 and 
1993 for five-year periods. The 1993 
awards were the first to include 
aquaria, botanical gardens, arbore- 
ta, and zoos. 

Competitors were selected after 
consultation with numerous experts 
in the field. Reviewers took into 
consideration existing relationships 
with educational organizations, as 
well as experience in conducting 
high-quality science education pro- 
grams at the precollege level. 

Precollege Science Education 
Initiative for Biomedical Research 
Institutions 

An initiative for biomedical research 
institutions is the Institute's latest 
effort in the area of precollege sci- 
ence education. It will enable sci- 
ence-rich institutions to work in col- 
laboration with schools, youth orga- 
nizations, and community groups. 
The objective is to develop educa- 
tional activities that focus specifical- 
ly on biology or integrate biology 
with other scientific disciplines. It 
will build on the unique resources 
that biomedical research institu- 
tions can offer, through educational 



activities of a less traditional nature, 
i ) stimulate interest in science, par- 
ticularly among young people. 

The 1994 grants competition was 
open to biomedical research institu- 
tions that the Institute had invited 
to apply. These comprise about 250 
medical schools, academic health 
centers, and independent research 
institutions. The selection was 
made after consultation with the 
Association of American Medical 
Colleges, Association of Academic 
Health Centers, Association of Inde- 
pendent Research Institutions, and 
several databases. 

Local Initiatives 

The Institute's local science educa- 
tion grants address national con- 
cerns regarding the state of science 
education by providing unique 
opportunities at the local level for 
students and teachers to gain 
hands-on experiences h the science 
classroom and research laboratory. 
The primary recipients arc public 
school students and teachers of 
Montgomery County, Maryland, 
though some awards may benefit 
those in the greater Washington 
area. The Institute works closely 
with school officials and local 
research institutions in developing 
the projects. Although the Institute 
will consider unsolicited requests, 
the* grants arc intended to support 
objectives through well-defined sci- 
ence education programs in the 
local community. 
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International Program 

International Research Scholars 
Program 

The important contribution of scien- 
tists abroad to advances in biomed- 
ical science stimulated the Institute 
to launch in 1991 a limited program 
of international research grants. 
Small and experimental, the pro- 
gram is limited to specific selected 
countries. The first grants are sup- 
porting the research of scientists in 
Canada and Mexico; and the second 
competition, announced in 1992. 
was for awards to Australia, the 
United Kingdom, and New Zealand. 

Each grant supports research 
expenses, with considerable flexibil- 
ity, for a term of five years. The 
recipients are promising scientists 
who have made significant contribu- 
tions to fundamental biomedical 
research and are still developing. 
They must hold appropriate 
full-time academic or research 
appointments, and may not be citi- 
zens or permanent residents of the 
United States. 

Nominations of candidates are 
requested from officials of leading 
biomedical organizations in the eli- 
gible countries and from Institute 
investigators, review boards, and 
advisers. Eligible nominees are eval- 
uated by a large panel of scientists 
with appropriate expertise, and 
those rated highest are invited to 
submit a brief research proposal. An 
external review panel evaluates the 
proposals and ranks the candidates. 
Then the Institute's management. 



weighing the rank order and the 
Institute's overall objectives, recom- 
mends awards to the Trustees for 
authorization of funding. 

Research Grants for Eastern 
Europe and the Former Soviet 
Union 

In 1994 an international program of 
research grants was directed at bio- 
medical researchers in 10 selected 
countries of Eastern Europe and of 
the former Soviet Union. Forty to 
sixty awards will fund scientists in 
their own institutions, and an equal 
number will involve international 
collaboration. The competition 
involves an open application process 
and then follows review procedures 
comparable to those for the Interna- 
tional Research Scholars Program. 

Other International Activities 

Other than the 1991 and 1992 
awards described above, the Insti- 
tute has made only one grant under 
the International Program. This is 
for joint activities by the U.S. 
National Academy of Sciences and 
the Mexican Aeademia de la Investi- 
gation Cientifica. Few additional 
awards are anticipated. Applications 
should only be submitted after con- 
sultation with the grants program 
management. 



Program Assessment 

Program assessment activities 
involve research by various public 
and private agencies external to the 
Institute, as well as internal analy- 
ses. The external activities are gen- 
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erally conducted through contracts 
for specific research projects. Thus, 
there is no grants program as such 
for program assessment. 



Unsolicited Proposals 

Although the Institute will consider 
unsolicited requests, grants are 
intended to support specific objec- 
tives through well-defined pro- 
grams. Thus the Institute will only 
be able to fund a small fraction of 
unsolicited proposals. The grants 
program does not support research 
projects in the United States. 
Rather, the Institute directly 
employs independent investigators 
in Institute laboratories at leading 
universities, research hospitals nnd 
academic medical centers. 

Initial correspondence to the 
Institute concerning support for sci- 
ence education should be in the 
form of a brief letter outlining (1) 
the specific need and the approach 
proposed, (2) the institution's spe- 
cial capabilities for implementation, 
(3) the qualifications of the pro- 
posed director, (4) the general plan 
of action to meet the objectives, and 
(5) the estimated budget, timetable, 
and existing funds for the project. 

Further information on the Insti- 
tute's research programs, copies of 
the annual report, and other publi- 
cations are available from the Office 
of Communications. 



Correspondence and inquiries concerning 
the grants program should be directed to: 



Joseph G. Perpieh,M.D.,J.I). 

Vice President for Grants and Special Programs 

(301) 215-8890 

Barbara Filner, Ph.D. 

Graduate Science Education Program and 
Internal ional Research Scholars Program 
(301) 215-8884 

Stephen A. Barkanic 

Undergraduate Science Education Program 
(301) 215-8872 

David L. Davis-Van Atta (acting) 

Precollege and Public Science Education Program 

(301) 215-8873 

David L. Davis-Van Atta 
Program Assessment 
(301)215.8872 

Howard Hughes Medical Institute 
Office of Grants and Special Programs 
4000 Jones Bridge Road 
Chew Chase, MD 20815-6789 
Fax:(301) 215-8888 



For publications and information on the Institute, 
contact: 

Howard K ' o Medical Institute 
Office of Communications 
4000 Jones Bridge Road 
Chevy Chase, MD 20815-6789 
0301)215-8862 
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